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{(local length=2.34 mm HFOV(Hall angular feld of view)=35.544 deg

Refractive Abbe

Surface#t Radius e Material
index numhet

Olssect 0
190 Aperire o 003

Stom
| 1sr lons . I < f1nn cr 1 . 1 om
11t . 1.441 0.443 1.544102 56.1143 plastic 18216

element :
{12 -2.861 0.098
121 -5.852 (.29 £.632219 23.2792 plastic -3.2152

122 3.212 0.348

-0.932 £.399 1.544102 56.1143 plastic 13896

=

-

132 (1488 9.035

1.287 0.284 1.831136 557441 plastic -1.597s

142 0.473 0.4

w0 $.30000 1.5168 64.1673

Tmage
160 nage o

planc

FIG.2
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Aspherical parameters

Surface# i1l 112 121 122
K 1.72B+01 1.56E+01 404401 | -4.15B+01
ad 5.26E-01 -5.06E-01 -4 90E-01 2.17E-01
a6 -2.18E:+00 -R.64E-01 SLTTEHO0 | -1AGEH0D
a8 1. 24E+00 1.50E+00 7RIE+00 3.80E+00
210 5 47E+00 6.038+00 23TEH00 | -2.32E+00
2 B1E+0] ~1.39F+01 IRIBH0 | -5.26E+00
aid L 24E+02 9 64E-+00 ~L.98E+0] 7.27E+00
216 5500402 4240400 9. 13E+H00 -3 44E-01

Surface# 131 132 141 142
K 2. 06E+00 -3.06E+00 -421E+00 | -5.10E+00
a4 2.44E-01 -3.40E-01 -3.65E-01 -2.34E-01
a6 -6.21E-01 R 0OE-02 { 73E-01 1.53E-01
a8 2.91E-01 9.41E-01 6.70E-02 -1.20E-01
a1 1.69E+00 -1.54E+00 “7A0E-02 6.00E-02
612 3.67E+00 1.91E+00 -2 88E-03 -9.59E-03
214 B.00E+00 1.71E+00 { 60E-02 -1.88E-03
216 -2.45E+01 -3.34E+00 -5.57E-03 473605

FIG.4
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f{focal length)=2.557882 mwun, HFOV(Half angular ficld of view)=32.177 deg.

. o 1 Refractive Abbe . focal
Surface# Radhis Thickness 5 ,ktvl - 1 A Material o
mndex number lcngth
- Object oo
Arertore
200 Apethire © 0.3
stop
1stlens ¢ o $1p o s oo
21 1.482 0.444 1.544102 56.1143 pastic 1.857]1
clement
212 861 0107
27 576 0317 1.63221¢ 23.2792 plastic -3.1761
222 3.1%6 0.355
3d lens . . y R, - L amAn
23 Jrid Jens 0.936 0.413 1544102 | 56.1143 plastic 13747
clement
232 -).481 3.059
241 4th lens 1326 0.257 1531130 | 557441 plastic -1.5144
clenent
242 (3.468 0.4
IR cut ., ) . . )
251 w o 0.30000 1.5168 64,1673
fiiter
232 IR cut o 0.614
filter
260 Image =
plane

FIG.7
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Aspherical parameters
Surface# 211 212 221 222
K -1.90E+01 1.O1E+GT -7.06E+01 -3.67E+(1
a4 5.26E-01 -5.00E-01 -4 90E-01 217801
a6 -2 18E+00 -8.04E-01 -1.77E+G0 -1 46E+G0
a8 1.24E+30 1.5GE+G0 7.81E+G0 3 ROEHGO
alg 5.47E+00 6.03E+00 -2 31E+G0 -2.32E+00
al2 2.61E+(31 -1.39E+0G1 381EHDD -5 26E+G0
al4 -1.24E+02 9.64E+00 -1 98E+01 7.27E+GO
als 5.59E+02 -4 245400 -G 13E+HG0 -3 44E-01
Surface# 231 232 241 242
K -1.98E+(0 -3 31E+G0 -4 1Z2EA+G0 -5 17E+G0
a4 2.44E-01 -3.40E-01 -3.65E-(1 -2.34E-01
a6 -6.21E-(1 8.00E-02 1.73E-01 1.53E-01
afs 2.91E-01 941E-G1 6.70E-02 -1.20E-G1
ald -1.69E+030 -1.54E+G0 -710E-02 6.00E-02
al2 3.67E+00 1.O91E+H00 -2.88E-03 -9.59E-03
ald 8.09E+00 F.71EAHGO 1.60E-02 -1.88E-03
al6 -2 A5EHGT -3.34E+00 ~5.57E-03 4.73E-(5

FIG.8
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fifocal length)=2.557882 mm HFOV(Half anguiar fickd of view)=32.177 deg.

Surface# Radius Thickness ixgiractwe Abbe Material E(V'Caf
index number length
- Object ©
300 @ 0.03
[ECP
e st lens i o : . ;
311 - 1451 0428 1544102 1 s6.1143 plastic 1.8294
312 2871 0.133
321 2nd lens 4857 0.348 1632210 | 232792 plastic -3.0839
giement )
322 3391 0¢.348
33 -0.963 0.382 1544102 1 56.1143 plastic 1.3786
332 -0.487 0078
341 : 14 4.247 1531130 | 557441 plastic -1.5163
clement
342 0.451 0.4
351 IR@“ w0 0.30000 15168 | 64.1673
352 & cut ® 0.494
itdler
360 Image o
plane

FIG. 11
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Aspherical parameters
Surface# 311 312 321 322
K -1.80E+01 FASE+H0T -5 33E+01 -3.62E+01
ad 5.10E-01 -53.01E-01 -4 77801 2.15E-01
a6 -2.28E+(0 -8.93E-01 -1 75E+HG0 -14TE-00
af 1.22E+60 1.35E+00 7.89E+00 3 R7E+G0
2l 6.89E+(G0 5. 70E+00 ~2 15608 ~2.28E+00
al2 -3 29E+01 -1.39E4+01 3.90E+(0 -6.23E+00
at4 S121EH02 726400 203401 7 REE-00
alé 4. 87E+02 -3.53E+00 -5.536E+00 8.22E+00
Surface# 331 332 341 342
K -1.97E+00 -3.09E+00 -5.09E+00 -S5.20E+00
ad 2.07E-01 -3 37E-01 -3 R4E-(1 -2.67E-(1
ad -0 . 58E-01 4.50E-02 2.19E-(1 1.70E-01
a8 3.55E-01 8.92E-01 3.60E-(2 -1 15E-01
ald -1.79E+00 -1 43E+00 -7.40E-02 5.40E-02
al2 375E+00 2.07E+00 2.31E-03 -1.20E-02
al4 8.45E+08 L.68E+(0 L70E-02 -1.98E-03
alé 267831 -3 91E+G0 -4 T8E-(3 1.02E-03

FIG.12
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Htocal lengthy=2.72496 mm HFOV{Half angular field of view)}=32.023 deg.

Abbe

Surface# Radius Thickness Material

namber length
- Object o
- Aperture .
400 1 o) -0.03
stop

411 c“fr”_“t 1,438 0439 | 1544102 ] 561143 | plastic 18245

-5.481 (.383 1.632210 23.2792 plastie -3.0785

3.134 §.297

-(.948 {.441 1.544102 56.1143 plastic 1.3229

432 0477 0.031

H

I
n

~3
[
[«
~3
-
i
LS
=
—
[
<o

55.7441 plastic -1.4659

442 0.476 G.4

451 fl“ o 036000 15168 | 641673

Roeout

4572 . oo 0.577
filier
Tma ot

460 HIAge ©
plane

FIG.15
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Aspherical parameters
Surface# 4i1 412 421 422
K -1.79E+01 1 STE+01 462E+01 | -2.38E+01
ad 5.04E-01 -5.11E-01 482001 2.21E-01
a6 2. 29E+00 -8.98E-01 SL7SEH00 | -14SE+00
af 1.31E+00 § 42E+00 7.87E+00 |  3.82E+00
210 7 3TE+00 5. 99E+00 2126400 | -2.30E+00
al2 -3.27E+01 1.33E+01 3.90E+00 | -6.19E+00
ald 1 23EHD 8026400 2038401 | 826E+00
al6 4 74E+02 7 75E+00 -4 40B+00 | 1.OSE+01
Surface# 431 432 441 447
K -1.96E+00 -3.24E+00 -5.00E+00 |  -5.70E+00
ad 2 14E-01 329801 AT4E-01 | -2.608-01
a6 -6.49E-01 4 40E-02 2.20E-01 1.74E-01
a8 3.19E-01 8.93E-01 360802 | -1.15E-01
ald 1.BTE+00 -1A3B+00 7.40B-02 | 5.40E-02
al? 3 70E+00 2.0TE+H00 2.59E-03 | -120E-02
al4 8.59E-+00 § 65E+00 170E-02 | -1.83E-03
216 2.63E+01 4. D1E+00 4.728-03 1.16E-03

FIG.16
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fitocal lengthy=

272496 mam, HFOV(Half angular ficld of view)=32.023 deg.

stop

oo N N focal
Surfaced Radius Thickness Material ‘c—rv:’b
CUEL
- Obiect w
) Aperture )
500 o -0.03

ot iens

clement

311 ; 142 0.424 544102 | 561143 nlastic 17876
element ’

512 2,792 0.007

521 Znd lens L4818 6,303 1632210 | 232797 plastic B3T3
-lement :

522 3.857 0,281

e 3rd fens n co A ATEA fq4n . N,

531 -1.024 (3.458 54410 56.1143 plastic 1.3272

532 0,491 0,094
541 1517 0.24% 1.551130 55.7441 plastic -1.4583

0.4

o o 0.300060 1.5168 64,1873
filter

550 R - 0.475
filie

560 £

FIG.19
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Aspherical parameters
Surface# $i1 512 521 522

K -1.84E+01 1.60EA+DT -3 84E+G1 -3 04E+{(1

ad 5.35E-01 -5.16E-01 -4 87E-01 2.16E-01

a6 -2.23E+00 -9.08E-01 -1 77EAQ0 -1 A48E+00

a8 1.19E+00 141E+00 7.82E+00 3 85E+00

alQ 6.30E+00 5.95E+00 -2 15E+00 -2 258400

al2 -3.51E+01 -1.36E+(1 3O95E+H00 -6 17E+00

ald -1.26E+02 S TIEAHGO ~-1.86H+{1 7.98E+00

alé 4 70E+02 -1.64E+01 -2 .82E+00 9 12E+00
Surface# $31 532 541 542

K -2 24E+00 -3 20E+00 -5.28E+00 -5 248400

a4 2.36E-01 -3.23E-01 -3.92E-01 -2.69E-01

a6 -6.28E-01 7.00E-02 2.18E-01 1.73E-(1

a8 3.48E-01 G.22E-01 3 .R0E-02 -115E-01

alg -1.79E+00 -1.41E+(0 =7.20E-02 S40E-02

al2 3.93E+00 2.08E+00 3A8E-03 -1.20E-02

ald 3 24E-+00 16TEHRO 1.70E-02 -1.86E-03

alé -2 40E+01 -3 G4 HA+(0 -5.07E-03 1.16E-03

FIG.20
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flfocal length =2 821208 mam HFOV{Half angular field of view=29.667 deg.

- . N Refractive Albbe .
Surlace# Radius Thickness e o Material
index nurmber
- Object ©
Ancriare
609 Apcitare % 0.03
10D

st lens

1.544102

56.1143

plastic

1.5094

clement
612 2.39 6.118
.. 2nd lens . . . U - -
621 _fc ! ‘t‘ 2,566 0.385 1632210 | 232792 | plastc .2.5248
clemen
622 4.561 0.368
53 ifeljft 115 0.424 544102 | 56.1143 | plastic | 24585
632 0.7 0.1064
641 4t lens 7975 0.408 1531130 | $5.7441 plastic -1.9599

clement

B42

6.904

6.4

IR cut

851 % 0.30000 15168 | 641673
fiiter

652 IR cut o 0323
filter

660 Image @
plane

FIG.23
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Aspherical patameters
Surface# 611 612 621 622
K -1 1IE+01 1.27E+01 JO1EF0L | -3.34E+01
ad 6.04E-01 7.608-02 -1.90E-01 3.35E-01
a6 -2.09E+00 -9.39E-01 -LIBE+00 | -1.28E+00
a8 1.30E+00 3.0%E-01 756400 | 4.10E+00
ald 6 14E+00 4.73E+00 -6.83E+00 | -1.89E+00
al? 3 ATE01 L2REHD1 TOTERO0 | -6.06E+00
al4 -1.16E+02 7 61E+00 2076401 | S.3TEH00
216 4.34B+02 _1.24E+01 823E+01 | 3.02E+01
Surface# 631 632 641 642
K -4, 18E+00 3.71E+00 4545401 | -9.75E+00
ad 112B01 SLASE-D] 294E-01 | -2.64E-01
a6 -9.34B-01 3.80E-02 2.34E-01 1.89E-01
a8 7.256-01 6.245-01 2I0E-02 | -1.27E-01
ald -3.21E+00 L.5TE+00 8.40B-02 |  5.70B-02
al? 470F+00 24EH0 6.00E-04 |  -1.20E-02
al4 137E+01 § 83E+00 170E-02 | -2.15E-03
al6 -6.82E+00 -3.58B+00 -5.51B-03 7 A3E-04

FIG.24
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f{focal length)y=2.462521 mm, HFOV(Half angular field of view)=32.852 deg.
Radius Thickness . %vac fAth ) Material
index mimber

- Object 0
700 @D -3.03
7il 1372 (.437 1.544102 56.1143 plastic 1.7668
712 -2 88 0.103
721 N <523 .26 1.632210 23.2792 plastic -3.1745

clement

122 3,36 0.41

3rd lens . o oAt . L L o
731 o <0757 0.28 1.544102 56.1143 plastic 5721
732 -0.455 0.068
741 1.267 0,255 1.831130 5587441 plastic -1671%
742 3.486 0.4
751 1R cut filier 0 0.30000 1.516% 64.1673
752 IR cut filler 20 (.551
760 Trage o

plane

FIG.27
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Aspherical parameters
Surface# 711 7i2 721 722
K -1.89E+01 1.66E+01 {ASEHOL | -1.04E+02
a4 5.66E-01 4.965-01 -5 25E-01 1.345-01
a6 -2.00E+00 -8.41E-01 SLG3EH00 | -173E+00
a8 9 32E-01 1 44E+00 TROEHO0 | 3.49E+00
2l 1.37E+00 5 OSE+00 3.86E+00 | -2.06E+00
al? 3.055+01 -1L8REHD1 2198400 | -4.53E+00
ald -2.798+01 -1.20B+01 2656401 | 5.86E+00
als 2.65E+02 3355401 L9501 | -1.64E+01
Surface# 731 732 741 742
K 2.52E+00 -3 14E+00 3.63E400 | -5.93E+00
ad 1.81E-01 2.42E-01 ARSE01 | -2.45E-01
a6 759801 2.30E-01 1.918-01 1.34E-01
a8 1.535-01 116E+00 740802 | -1.15E-01
2l 2. 20E+00 -1.32E+00 710B-02 | 6.40B-02
al 2.60E+00 2.08F-+00 SOTE-03 | -8.33E-03
ald 7 46E+00 1 73E+00 L60B-02 | -2.06E-03
als -L6TE+0] -4 34E+00 4.62B-03 | -7.16E-04

FIG.28
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ffocal lengthy=2.670121 rom HFOV{Half angular field of view)=30.689 deg.

S o Refractive .
Surfacc# Radius ” - Material
LA/
- o
ROO o ~3.03

st long

element

1.544107

56.1143

1.4508

20d lens

821 o 1.531 0275 1632210 | 23.2792 plastic 24019
Clement

822 2264.766 0367

831 3rd lons 0,769 0.539 (544102 | 56.1143 plastic £.0492

element

3.409

0.048

541

Al lens
clement

59

b
b

plastic

-1.106

el
Ia
[

(.449

0.4

IR cut

Pl o 0.30000 15168 | 641673
852 lﬁfc? - 0.66
H60 Imiags %
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Aspherical parameters
Surface# 811 812 821 822

K -2 (355401 5.37TE+00 -7.61E+00 1.54E+(7

ad 4. 15E-G1 -1.98E-01 -2.52E-01 1.76E-01

a6 -2 66E+00 ~7.30E-01 -7.06E-01 -1.25E+00

a8 1.37E+00 2.36E+00 7.22E+00 4. 62E+00

ald 5.21E+00 3316400 -R50E+00 -2 025400

alz -3.44E+01 -1.53E+01 -1 43E+00 -1.33E+01

ald -1 44E+02 -1.67E+0G1 1.34E401 S 71E+G0

alé 3O1E+02 1.58E+02 5.80E+00 6.30E+01
Surface# 831 832 841 842

K -3 34E-01 ~3.65E+00 2.90E-02 -7.33E+(0

ad 4.50E-02 -0.35E-01 -2.28E-01 -2.6TE-01

a6 -1.63E+G0 7.63E-01 F12E-01 2. 70E-(1

a8 2.74E+08 3.27E-01 7.50E-02 -1.92E-{(}1

alg 3.14E-01 -1.82E+(0 -8.70E-02 8.20E-02

al2 1.40E-01 2.62E+G0 7.66E-33 -&.51E-03

ald 1.80E+01 1.86E+00 2.00E-02 -3.44E-03

alé -2.50E+01 =3 71EAGO -5, 82E-(3 822E-05

FIG.32
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f{focal lengthy=1.574087 mm HFOV{Half sngular ficld of view)=37.32 deg.

Surfaces Radius Thickness iractive Abbe Material ;ocgl
index mumber length
Ohxec o
300 e (.03
911 1.31 0.372 1.544102 56.1143 plastic 1.705
912 2.893 0.066
T leng N N N
921 ‘qujg 1095 026 1632210 | 232792 plastic -3.4696
922 2.862 0.234
3rd lox o e . ; - <1 an . -
931 <10 e 0,979 0.328 1.544102 | 56,1143 plastic 12782
eiement
932 -0.456 4.036
941 077 4.316 1.831130 557441 plastic -1.8124
942 (.457 0.4
951 o) 0.30000 1.5168 64.1673
952 o0 .103
960 Hhaze 0
plane

FIG.35
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Aspherical parametors

Surfacef 911 912 931 922
K -1.97E+01 2 A5E+00 -1.27E+04 -1.53E+01
ad 5.478-01 -3.63E-01 -2.56E-G1 2.29E-01
a6 -2.24E+00 -5.49E-01 -1 41E+00 -1 46E+00
a8 1.76E+80 213600 9.07E+GO 3 I9EAGD
alt 921E+00 7.05E+00 ~9.00E-01 -4 10E+(0
al2 -3 A8E+(1 -R.83E+00 5.33H+00 -8 3500
ald -1.22E+02 2.54E+01 -2.35E+01 1I3E+HDT
alé 6. 18EAG2 1228402 2 JTEA(Y 4 27E+{31

Surfacef 931 932 941 942
K -2 .65E+00 -3.04E+00 -2 . 38E+(0 -4 RRE+{(
ad 3.20H-01 -3.05E-G1 -3.76E-01 -2 40E-01
a6 -5.60E-01 1.30E-01 2.23E-01 1.93E-01
a8 113E-01 1.03E+00 2.80E-02 -1.68E-01
alQ -2.59E+00 -1.09E+00 -§.80E-02 7.80E-02
al2 2.81E+Q0 2.95E+00 4 26E-03 -1.60E-02
ald 7.38E-01 2 78EHD0 1.20E-02 -2.07E-03
alé -6.5GE+01 ~L1SEAO0 -9, 84E-(3 2.58E-03

FIG.36
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f{focal lengthy=2.774864 mm, HFOV{Half angular ficld of view)=29.827 deg.

Abbe

Thicknegs | Doactive X Material
; aumber
- Obgpct @
1000 &) -0.03
1011 1.14 0.429 1.544102 56.1143 plastic 1.4658
1012 -2.33 0.113%
1021 -2.331 (0.528 1.632216 232792 plastic -2.43599
1022 §.202 (.342
1031 1.402 0.404 1.544102 56,1143 plastic 1.5951
1032 -(.592 0.087
1041 -1.803 0.403 1.531130 55,7441 plastic -1.2101

1042 1.082 0.4
e IR ocut U .
1651 filier W 0.20000 1.5168 64,1673
o IR cub
1052 ey o 0.149
1060 o

FIG.39




U.S. Patent May 17, 2016 Sheet 40 of 48 US 9,341,816 B2
Aspherical parameters
Surface# 011 1012 1021 1022
K 1O7EHO1 1.02E+01 4316401 | 2.15E+01
ad 6.958-01 9.955-03 690F-02 | 4.06E-01
a6 -2, 135400 -8.92E-01 LISEH00 | -1.20E400
a8 7.46E-01 9. 708-02 66900 | 3.99E400
at0 7 356400 4.46E+00 970E+00 | -2.01E+00
412 -1 89E+01 1.60F+01 JLIOE+01 | -5.82E-+00
ald 725401 -1 20E+01 AGTEHOL | 6.74E400
al6 1ASE+02 2836401 L.O6E+02 | 2.00E+00
Surface# 1031 1032 1041 1042
K 1.OSE+00 3.05E+00 SLBREH0T | -1.3REH01
a4 -1.35E-01 2. 58E-01 2.92B01 | -2.92E-01
a6 -8.69E-01 2 00E-02 2.675-01 2.32E-01
a8 8.87E-01 4.76E-01 230E-02 | -1.63E-01
410 3. 72E400 -1 72E400 -1.57E-01 5 .SOE-07
al2 2 82E+00 2 13E+00 3.90B-02 | -B.96E-03
214 116E+01 2. 05E+00 TO0E-02 | 2.14E-03
alé 3.31E+00 -3 14E+00 1308-02 | -2.708-04

FIG.40




US 9,341,816 B2

Sheet 41 of 48

May 17, 2016

U.S. Patent

A=

{p} ) () {e)
CASTCSIE ) {usw) (L)
701} d tbue) ooy ibusy 1800 wbus) g0
I
[
P i 7
ool pisl ol 18Qe [gousyds
UO0ISIC] (uonesp enusbue)) (uonosup eibeg) jpuipnyiBucT
s8N pialy onewbnsy S3AND pBY onewbnsy
Wiy ——
wWugey ———
WHHSY




U.S. Patent

Al =~

May 17, 2016

Sheet 42 of 48

US 9,341,816 B2

-1

—bA’?

1150

BRI

FIG.42




U.S. Patent

May 17, 2016

Sheet 43 of 48

US 9,341,816 B2

f{focal lengthy=3.198024 mm HFOV(Half sngular ficld of view)= 27218 deg.

Surfaced Radius Thickness r"iw 1:”4:‘; Material éofgﬂ
- Obgect o0

1111 ““’f“rc 1419 0448 | 1514612 57'20022 plastic 1.9905
112 l;r%;f 12322 0.006

1100 % 0.14

1121 Z;@‘Z“ -6.821 0266 16067265 26'6451‘ plastic 22,7466
1122 2261 0.885

1131 Tftib 4.617 0.485 1.514612 57‘300052 plastic (7675
1132 -0.789 0.113

1141 {Eﬁli]n 14.917 0.433 1.543402 56022? plastic 16763

U.852

0.4

1151 Hj;ﬂj w 030000 | 1516800 | OH 6735
1152 w 0354
1660 Image w

FIG.43
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Aspherical parameters
Surface# 1111 1112 1121 1122

K (3.00E+00 4 91E+(G1 (3.00E+00 -7 3TEAGG

ad 0.00E+00 7.50E-02 3.44E-01 2.55E-01

ab 0.00E+00 -8.70E-02 -8.29E-031 -5.48E-01

a8 (.00E+00 2.50E-02 6.96E-01 7.25E-01

all (3.00E+00 0.00E+00 6.46E-01 -4.27E-01

al2 (3.00E+00 (.00E+GD -7A7E-01 1.63E-01

at4 0.00E+00 0.00E+00 2.92E-01 LISE+GO

a2l 0.00E+H00 0.00E+HRD 5.97E-01 1.26E-01
Surfaco# 1131 1132 1141 1142

-1.52E+02 -4 RREAQ0 7 53E+3T 7T A9EH00

24 -8.00E-02 -1.09E-01 -8.00E-02 -9.80E-02

ab 1.67E-01 2. 18E-01 2.60E-02 2.60E-02

a4k ~8.80E-02 -6.608-02 4. 51E-03 -1OOE-02

alQ ~110E-02 1.704-004 ~1.99E-03 1O5E-03

212 3 R2E-03 2.83E-03 -5 28E-035 6.65E-06

ald H.58E-03 1.25E-04 1.07E-04 -2.91E-05

alé -4, 54803 ~1.65E-05 {.RB5E-05 1.28E-05

F1G.44
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4st

NeSTas O 4%
ond

3rd

Aih

Embodiment Embodiment Embodiment Embodimeant Embodiment
T3 /G334 11.45 7.01 4.90 14.23
(rag /T3 i.21 26 1.46 1.02

EFL /12 2387 23,80 8.69 20.87
T3/7Gi2 406 3.84 2.88 3.5%
2-+713 0.00 0.73 0.73 .83

(12473 /T3

1.91

G12-+(34 0.13 0.17 0.21 0.15
£3 -+ £3 321 323 3.21 315
BFL / EFL .50 0.51 0.48 0,50
Fno 2.61 2.84 2.75 2.86
~ ) Rih gin Fid ath
Embodiment Embodiment Embodiment Embodiment Embodiment
T3/7G34 4.86 4.07 4.15 11.72
(Gaa /T3 103 1.3¢ 2.07 1.01
PFL /G2 2460 23.91 239¢ 2038
T3 /G112 4.73 3.59 2.72 4.11
T24+73 1.76 .81 (.54 .81

Cr24T3) /13

[
N\

Gi2-+G34 0.19 022 .17 0.18
{113 312 3.97 3.34 2.50
RBEL / BRL 051 0.36 0.51 .51
Frno 2.58 3.13 2.74 3.1
. gth 10t 41t
Bmbodiment Embaodiment Embodiment Embodiment
T3/ G34 .09 462 429
Gaa /T3 1.02 .36 2.33
HFL / Gi2 23.90 23.48 23.85
T3/ Gl12 498 3.42 3.62
¥2-+13 0.59 .93 .75
CE2+47135 /713 79 2.31 1.55
Glz+G34 10 .21 (025
-0 2.98 3.06 3.76
HFL / BFL .51 0.31 (.33
Foo i.87 3.08 2.8
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1
MOBILE DEVICE AND OPTICAL IMAGING
LENS THEREOF

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/770,838, filed on Feb. 19, 2013, which claims
priority to China Patent Application No. 201210252531.0,
filed on Jul. 20, 2012, the contents of which are hereby incor-
porated by reference in their entirety for all purposes.

TECHNICAL FIELD

The present invention relates to a mobile device and an
optical imaging lens thereof, and particularly, relates to a
mobile device applying an optical imaging lens having four
lens elements and an optical imaging lens thereof.

BACKGROUND OF THE INVENTION

The ever-increasing demand for smaller sized mobile
devices, such as cell phones, digital cameras, etc. has corre-
spondingly triggered a growing need for smaller sized pho-
tography modules contained therein. Size reductions may be
contributed from various aspects of the mobile devices, which
includes not only the charge-coupled device (CCD) and the
complementary metal-oxide semiconductor (CMOS), but
also the optical imaging lens mounted therein. When reduc-
ing the size of the optical imaging lens; however, achieving
good optical characteristics becomes a challenging problem.

U.S. Pat. Nos. 7,715,119, 7,848,032, 8,089,704, 7,920,
340, US Patent Publication No. 2011009572, U.S. Pat. Nos.
7,777,972, 7,969,664 and 7,274,518 all disclosed an optical
imaging lens constructed with an optical imaging lens having
four lens elements. In the first embodiment of U.S. Pat. No.
7,920,340, the length of the optical imaging lens is over 7
mm, which is not beneficial for the smaller design of mobile
devices.

How to effectively shorten the length ofthe optical imaging
lens is one of the most important topics in the industry to
pursue the trend of smaller and smaller mobile devices.

Therefore, there is needed to develop optical imaging lens
with a shorter length, while also having good optical charac-
teristics.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide a mobile
device and an optical imaging lens thereof. With controlling
the convex or concave shape of the surfaces of the lens ele-
ments, the central thickness along the optical axis, and the air
gap, etc., the length of the optical imaging lens is shortened
and meanwhile the good optical characteristics, such as high
resolution, are sustained.

In an exemplary embodiment, an optical imaging lens
comprises, in order from an object side to an image side, first,
second, third and fourth lens elements, each of the first, sec-
ond, third, and fourth lens elements having an object-side
surface facing toward the object side and an image-side sur-
face facing toward the image side. The first lens element has
positive refracting power and the object-side surface thereof
is a convex surface. The second lens element has negative
refracting power, the object-side surface thereof comprises a
concave portion in the vicinity of the optical axis and the
image-side surface thereof comprises a concave portion in the
vicinity of the optical axis. The third lens element has positive
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refracting power, the object-side surface thereof is a concave
surface and the image-side surface thereof being a convex
surface. The object-side surface of the fourth lens element
comprises a convex portion in the vicinity of the optical axis,
and the image-side surface thereof comprises a concave por-
tion in the vicinity of the optical axis and a convex portion in
the vicinity of a periphery of the fourth lens element. Lens as
awhole has only the four lens elements with refracting power,
wherein a central thickness of the third lens element along the
optical axis is T3, an air gap between the third lens element
and the fourth lens element is G5, and a sum of all air gaps
from the first lens element to the fourth lens element along the
optical axis is G, and they satisfy the relations:

aa’

(73/G34)>4; and

(G /T3)>1.

In another exemplary embodiment, assuming the thickness
of'the third lens element is not changed, when the air gap G,
between the third lens element and the fourth lens element
along the optical axis is shortened to satisfy the relation of
“(T3/G;,)>4”, the length of the optical imaging lens is short-
ened. In another exemplary embodiment, assuming the sum
of all air gaps from the first lens element to the fourth lens
element along the optical axis, G, is not changed, when the
central thickness T3 of the third lens element along the optical
axis is shortened to satisfy the relation of “(G,,/T3)>1", the
length of the optical imaging lens is also effectively short-
ened.

In another exemplary embodiment, other related param-
eters, such as the central thickness of lens element along the
optical axis and other ratio of the central thickness of lens
element along the optical axis to the sum of all air gaps, focal
length, and/or other related parameters could be further con-
trolled. For example, these related parameters could be a
central thickness of the second lens element along the optical
axis, T2, an air gap between the first lens element and the
second lens element, G,, an effective focal length, EFL, of
the optical imaging lens, a back focal length, BFL, of the
optical imaging lens, a focal length of the first lens element,
f1, and a focal length of the third lens element, 3, satisfying
at least one of the relations:

(EFL/G 5)<24;

(T3/G5)<5;
0.5=(72+73)=<0.83 (mm);
1.5<[(T2+13)/T3]<2.5;
0.07<(G15+G34)<0.25 (mm);
2<(f1+f3)<4(mm); and/or

(BFL/EFL)20.5,

wherein, BFL is defined by the distance between the image-
side surface of the fourth lens element and an image plane
along the optical axis.

Aforesaid exemplary embodiments are not limited and
could be selectively incorporated in other embodiments
described herein.

In example embodiments, an aperture stop is provided for
adjusting the input of light of the system. For example, the
aperture stop is preferably provided but not limited to be
positioned in front of the first lens element, or positioned
between the first lens element and the second lens element.
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In some exemplary embodiments, more details about the
convex or concave surface structure and/or the refracting
power could be incorporated for one specific lens element or
broadly for plural lens elements to enhance the control for the
system performance and/or resolution. For example, for the
first lens element, an image-side surface is comprised, but the
image-side surface need not be limited to a convex portion in
the vicinity of a periphery of the first lens element.

In another exemplary embodiment, a mobile device com-
prises a housing and an optical imaging lens assembly posi-
tioned in the housing. The optical imaging lens assembly
comprises a lens barrel, any of aforesaid example embodi-
ments of optical imaging lens, a module housing unit, and an
image sensor. The lens comprising four lens elements with
refracting power as a whole is positioned in the lens barrel, the
module housing unit is for positioning the lens barrel, and the
image sensor is positioned at the image-side of the optical
imaging lens.

In some exemplary embodiments, the module housing unit
optionally comprises an autofocus module and/or an image
sensor base. The autofocus module may comprise a lens seat
and a lens backseat, wherein the lens seat is positioned close
to the outside of the lens barrel along with an axis; the lens
backseat is positioned along the axis and around the outside of
the lens seat; and the lens barrel and the optical imaging lens
positioned therein are driven by the lens seat for moving along
the axis to control the focusing of the optical imaging lens.
The image sensor base could be positioned between the lens
backseat and the image sensor, and closed to the lens back-
seat.

Through controlling the ratio among at least one central
thickness of lens element along the optical axis, an air gap
between two lens elements along the optical axis, and a sum
ofall air gaps between the four lens elements along the optical
axis in a predetermined range, and incorporated with the
arrangement of the convex or concave shape of the surfaces of
the lens element(s) and/or refracting power, the mobile device
and the optical imaging lens thereof in exemplary embodi-
ments achieve good optical characters and eftectively shorten
the length of the optical imaging lens.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments will be more readily understood
from the following detailed description when read in conjunc-
tion with the appended drawings, in which:

FIG. 1 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 1 of the invention;

FIG. 2 shows a table of optical data of each lens element of
the optical imaging lens according to embodiment 1 of the
invention;

FIG. 3 shows another cross-sectional view of a lens ele-
ment of the optical imaging lens according to embodiment 1
of the invention;

FIG. 4 shows a table of aspherical data of the optical
imaging lens according to embodiment 1 of the invention;

FIG. 5 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 1 of the invention;

FIG. 6 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 2 of the invention;

FIG. 7 shows a table of optical data of each lens element of
the optical imaging lens according to embodiment 2 of the
invention;
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FIG. 8 shows a table of aspherical data of the optical
imaging lens according to embodiment 2 of the invention;

FIG. 9 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 2 of the invention;

FIG. 10 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 3 of the invention;

FIG. 11 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 3 of the
invention;

FIG. 12 shows a table of aspherical data of the optical
imaging lens according to embodiment 3 of the invention;

FIG. 13 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 3 of the invention;

FIG. 14 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 4 of the invention;

FIG. 15 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 4 of the
invention;

FIG. 16 shows a table of aspherical data of the optical
imaging lens according to embodiment 4 of the invention;

FIG. 17 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 4 of the invention;

FIG. 18 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 5 of the invention;

FIG. 19 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 5 of the
invention;

FIG. 20 shows a table of aspherical data of the optical
imaging lens according to embodiment 5 of the invention;

FIG. 21 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 5 of the invention;

FIG. 22 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 6 of the invention;

FIG. 23 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 6 of the
invention;

FIG. 24 shows a table of aspherical data of the optical
imaging lens according to embodiment 6 of the invention;

FIG. 25 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 6 of the invention;

FIG. 26 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 7 of the invention;

FIG. 27 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 7 of the
invention;

FIG. 28 shows a table of aspherical data of the optical
imaging lens according to embodiment 7 of the invention;

FIG. 29 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 7 of the invention;

FIG. 30 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 8 of the invention;

FIG. 31 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 8 of the
invention;
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FIG. 32 shows a table of aspherical data of the optical
imaging lens according to embodiment 8 of the invention;

FIG. 33 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 8 of the invention;

FIG. 34 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 9 of the invention;

FIG. 35 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 9 of the
invention;

FIG. 36 shows a table of aspherical data of the optical
imaging lens according to embodiment 9 of the invention;

FIG. 37 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 9 of the invention;

FIG. 38 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 10 of the invention;

FIG. 39 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 10 of the
invention;

FIG. 40 shows a table of aspherical data of the optical
imaging lens according to embodiment 10 of the invention;

FIG. 41 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 10 of the invention;

FIG. 42 shows a cross-sectional view of an optical imaging
lens having four lens elements of the optical imaging lens
according to embodiment 11 of the invention;

FIG. 43 shows a table of optical data of each lens element
of'the optical imaging lens according to embodiment 11 of the
invention;

FIG. 44 shows a table of aspherical data of the optical
imaging lens according to embodiment 11 of the invention;

FIG. 45 shows charts of longitudinal spherical aberration
and other kinds of optical aberrations of the optical imaging
lens according to embodiment 11 of the invention;

FIG. 46 shows a comparison table for the values of T3/G.,,
G, /T3, EFL/G,,, T3/G,,, T2+T3, (T2+T3)/T3, G,,+G,,
f1+13, and BFL/EFL of all 11 example embodiments shown
in FIGS. 1~45;

FIG. 47 shows a structure of an example embodiment of a
mobile device; and

FIG. 48 shows a partially enlarged view of a structure of
another example embodiment of a mobile device.

DETAILED DESCRIPTION OF THE INVENTION

For a more complete understanding of the present disclo-
sure and its advantages, reference is now made to the follow-
ing description taken in conjunction with the accompanying
drawings, in which like reference numbers indicate like fea-
tures. Persons having ordinary skill in the art will understand
other varieties for implementing example embodiments,
including those described herein. The drawings are not lim-
ited to specific scale and similar reference numbers are used
for representing similar elements. As used in the disclosures
and the appended claims, the terms “example embodiment,”
“exemplary embodiment,” and “present embodiment” do not
necessarily refer to a single embodiment, although it may, and
various example embodiments may be readily combined and
interchanged, without departing from the scope or spirit of the
present invention. Furthermore, the terminology as used
herein is for the purpose of describing example embodiments
only and is not intended to be a limitation of the invention. In
this respect, as used herein, the term “in” may include “in”
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[TPRIINT]

and “on”, and the terms “a”, “an” and “the” may include
singular and plural references. Furthermore, as used herein,
the term “by” may also mean “trom”, depending on the con-
text. Furthermore, as used herein, the term “if”” may also mean
“when” or “upon”, depending on the context. Furthermore, as
used herein, the words “and/or” may refer to and encompass
any and all possible combinations of one or more of the
associated listed items.

Example embodiments of an optical imaging lens may
comprise a first lens element, a second lens element, a third
lens element, and a fourth lens element. These lens elements
may be arranged in an order from an object side to an image
side, and example embodiments of the lens as a whole may
comprise only the four lens elements with refracting power.
In an example embodiment: the first lens element has positive
refracting power and the object-side surface thereof'is a con-
vex surface; the second lens element has negative refracting
power, the object-side surface thereof comprises a concave
portion in the vicinity of the optical axis and the image-side
surface thereof comprises a concave portion in the vicinity of
the optical axis; the third lens element has positive refracting
power, the object-side surface thereof is a concave surface
and the image-side surface thereof being a convex surface; the
object-side surface of the fourth lens element comprises a
convex portion in the vicinity of the optical axis, and the
image-side surface thereof comprises a concave portion in the
vicinity of the optical axis and a convex portion in the vicinity
of a periphery of the fourth lens element. The central thick-
ness of the third lens element along the optical axis, T3, an air
gap between the third lens element and the fourth lens ele-
ment, G;,, and the sum of all air gaps between the first lens
element to the fourth lens element along the optical axis, G,
satisfy the relations as followed:

(T3/G34)>4 relation (1); and

(Go/T3)>1 relation (2).

Preferably, the first lens element having positive refracting
power have better light converge ability and the third lens
element and the fourth lens element could eliminate the astig-
matism aberration and distortion aberration to reduce the
aberration of the whole system to achieve good optical char-
acters and shortened the length of the optical imaging lens.

Reference is now made to relation (1). A person having
ordinary skill in the art would readily understand that when
the air gap G, between the third lens element and the fourth
lens element along the optical axis is shortened to satisfy
relation (1), assuming the thickness of the third lens element
is not changed, the length ofthe optical imaging lens would be
shortened. If relation (1) is not satisfied, i.e. (T3/G;,)<4, the
air gap between the third lens element and the fourth lens
element may be large that it would cause a long optical
imaging lens. Relation (1) may be further restricted by an
upper limit, for example but not limited to, 15>(T3/G,,)>4.

Reference is now made to relation (2). A person having
ordinary skill in the art would readily understand that when
the central thickness T3 of the third lens element along the
optical axis is shortened to satisfy relation (2), assuming the
sum ofall air gaps from the first lens element to the fourth lens
element along the optical axis, G, is not changed, the length
of the optical imaging lens would also be eftectively short-
ened. If relation (2) is not satisfied, i.e. (G,,/T3)<1, the thick-
ness of the third lens along the optical axis may be so large
that it would cause a long optical imaging lens. Relation (2)
may be further restricted by an upper limit, for example but
not limited to, 2>(G,,,/T3)>1. By applying these techniques,
the length of the optical imaging lens can be shortened.
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In some example embodiments, other related parameters,
such as the central thickness of lens element along the optical
axis, focal length, and/or other related parameters could be
further controlled. For example, these related parameters
could be a central thickness of the second lens element along
the optical axis, T2, an air gap between the first lens element
and the second lens element, G ,, an effective focal length,
EFL, ofthe optical imaging lens, a back focal length, BFL, of
the optical imaging lens, a focal length of the first lens ele-
ment, f1, and focal length of the third lens element, {3, satis-
fying at least one of the relations:

(EFL/G5)<24 relation (3);
(T3/G15)<5 relation (4);
0.5=(72+73)=0.83 (mm) relation (5);
1.5<[(72+73)/13]<2.5 relation (6);
0.07<(G5+G34)<0.25 (mm) relation (7);

2<(f14/3)<4 (mm)

relation (8); and/or

(BFL/EFL)=0.5 relation (9),

wherein, BFL is defined by the distance between the image-
side surface of the fourth lens element and an image plane
along the optical axis.

Reference is now made to relation (3). A person having
ordinary skill in the art would readily understand that when
relation (3) is satisfied, assuming the air gap G, between the
first lens element and the second lens element along the
optical axis is not shortened, the effective focal length of the
optical imaging lens would be shorter to effectively shorten
the length of the optical imaging lens. If relation (3) is not
satisfied, i.e. (EFL/G,)>24, the effective focal length of the
optical imaging lens is so long that a long optical imaging lens
is caused. Relation (3) may be further restricted by a lower
limit. For example, a lower limit may be, but is not limited to,
17<(EFL/G,,)<24.

Reference is now made to relation (4). A person having
ordinary skill in the art would readily understand that if rela-
tion (4) is not satisfied, i.e. (T3/G,,)>5, the central thickness
of'the third lens element along the optical axis is so thick that
a long optical imaging lens is caused. Relation (4) may be
further restricted by a lower limit. For example, a lower limit
may be, but is not limited to, 2<(T3/G,)<5.

Reference is now made to relation (5). A person having
ordinary skill in the art would readily understand the results if
relation (5) is not satisfied. If the lower limit is exceeded, i.e.
(T2+T3)=<0.5 (mm), the central thickness of the second lens
element or third lens element along the optical axis would be
so thin that making the optical imaging lens would be diffi-
cult. If the upper limit is exceeded, i.e. 0.83=<(T2+T3) (mm),
the central thickness of the second lens element or the third
lens element along the optical axis would be so thick as to
cause a long optical imaging lens.

Reference is now made to relation (6). A person having
ordinary skill in the art would readily understand the results if
relation (6) is not satisfied. If the lower limit is exceeded, i.e.
[(T2+4T3)/T3]<1.5, the central thickness of the third lens ele-
ment along the optical axis would be so thick as to cause a
long optical imaging lens. If the upper limit is exceeded, i.e.
[(T2+4T3)/T3]>2.5, assuming the thickness of the third lens
element is not changed, the central thickness of the second
lens element along the optical axis would be so thick as to
cause a long optical imaging lens.
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Reference is now made to relation (7). A person having
ordinary skill in the art would readily understand the results if
relation (7) is not satisfied. If the lower limit is exceeded, i.e.
(G1,+G5,)=0.07 (mm), the air gap between the first lens
element and the second lens element or the air gap between
the third lens element and the fourth lens element along the
optical axis would be so narrow that manufacturing the opti-
cal imaging lens would be difficult. If the upper limit is
exceeded, i.e. (G,,+G;,)>0.25 (mm), the sum of the air gap
between the first lens element and the second lens element
and the air gap between the third lens element and the fourth
lens element along the optical axis is so large that a long
optical imaging lens is caused.

Reference is now made to relation (8). A person having
ordinary skill in the art would readily understand the results if
relation (8) is not satisfied. If the lower limit is exceeded, i.e.
(f1+1£3)<2 (mm), the focal length of the first lens element or
the third lens element would be short and the refracting power
of the first lens element or the third lens element would be
large. Arrangement of the refracting power for such a system
is difficult. If the upper limit is exceeded, i.e. (f1+{3)>4 (mm),
the focal length of the first lens element or third lens element
would be so long as to cause a long optical imaging lens.

Reference is now made to relation (9). A person of ordinary
skill in the art would readily understand that when relation (9)
is satisfied, the effective focal length of the optical imaging
lens would be shorter. If relation (9) is not satisfied, i.e.
(BFL/EFL)<0.5, the effective focal length of the optical
imaging lens would be so long as to cause a long optical
imaging lens.

When implementing example embodiments, more details
about the convex or concave surface structure and/or the
refracting power may be incorporated for one specific lens
element or broadly for plural lens elements to enhance the
control for the system performance and/or resolution, as illus-
trated in the following embodiments. It is noted that the
details listed here could be incorporated in example embodi-
ments if no inconsistency occurs.

Several exemplary embodiments and associated optical
data will now be provided for illustrating example embodi-
ments of optical imaging lens with good optical characters
and a shortened length. Reference is now made to FIGS. 1-5.
FIG. 1 illustrates an example cross-sectional view of an opti-
cal imaging lens having four lens elements of the optical
imaging lens according to a first example embodiment. FIG.
2 illustrates an example table of optical data of each lens
element of the optical imaging lens according to an example
embodiment. FIG. 3 depicts another example cross-sectional
view of a lens element of the optical imaging lens according
to an example embodiment. FIG. 4 depicts an example table
of'aspherical data of the optical imaging lens according to an
example embodiment. FIG. 5 shows example charts of lon-
gitudinal spherical aberration and other kinds of optical aber-
rations of the optical imaging lens according to an example
embodiment.

As shown in FIG. 1, the optical imaging lens 1 of the
present embodiment comprises, in order from an object side
Al to an image side A2, an aperture stop 100, a first lens
element 110, a second lens element 120, a third lens element
130 and a fourth lens element 140. Both of a filtering unit 150
and an image plane 160 of an image sensor are positioned at
the image side A2 of the optical imaging lens 1. Each of the
first, second, third, fourth lens elements 110, 120, 130, 140
and the filtering unit 150 has an object-side surface 111/121/
131/141/151 facing toward the object side A1 and an image-
side surface 112/122/132/142/152 facing toward the image
side A2. The aperture stop 100, positioned in front of the first
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lens element 110, and together with the first lens element 110
having positive refracting power could effectively shorten the
length of the optical imaging lens 1. The example embodi-
ment of the filtering unit 150 illustrated is an IR cut filter
(infrared cut filter) positioned between the fourth lens ele-
ment 140 and an image plane 160. The filtering unit 150 filters
light with specific wavelength from the light passing optical
imaging lens. For example, IR light is filtered, and this will
prohibit the IR light which is not visible by human eyes from
producing an image on the image plane 160.

Exemplary embodiments of each lens elements of the opti-
cal imaging lens 1 will now be described with reference to the
drawings.

The first lens element 110 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 111 and the image-side surface 112 are
convex surfaces. The convex surface 111 and convex surface
112 may both be aspherical surfaces.

The second lens element 120 may have negative refracting
power, which may be constructed by plastic material. Both
the object-side surface 121 and the image-side surface 122 are
concave surfaces. The concave surface 121 and concave sur-
face 122 may both be aspherical surfaces.

The third lens element 130 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 131 is a concave surface and the image-
side surface 132 is a convex surface. The concave surface 131
and the convex surface 132 may both be aspherical surfaces.

The fourth lens element 140 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 141 comprises a convex portion 1411 in
the vicinity of the optical axis and a concave portion 1412 in
the vicinity of the periphery of the fourth lens element 140.
The image-side surface 142 has a concave portion 1421 in the
vicinity of the optical axis and a convex portion 1422 in the
vicinity of a periphery of the fourth lens element 140. The
object-side surface 141 and the image-side surface 142 may
both be aspherical surfaces.

In example embodiments, air gaps exist between the four
lens elements 110,120, 130, 140, the filtering unit 150 and the
image plane 160 of the image sensor. For example, FIG. 1
illustrates the air gap d1 existing between the first lens ele-
ment 110 and the second lens element 120, the air gap d2
existing between the second lens element 120 and the third
lens element 130, the air gaps d existing between the third lens
element 130 and the fourth lens element 140, the air gap d4
existing between the fourth lens element 140 and the filtering
unit 150 and the air gap d5 existing between the filtering unit
150 and the image plane 160 of the image sensor. However, in
other embodiments, any of the aforesaid air gaps may or may
not exist. For example, the profiles of opposite surfaces of any
two adjacent lens elements may correspond to each other, and
in such situation, the air gaps may not exist. The air gap d1 is
denoted by G, ,, the air gap d3 is denoted by G, and the sum
of all air gaps d1, d2, d3 between the first and fourth lens
elements is denoted by G ..

FIG. 2 depicts the optical characters of each lens elements
in the optical imaging lens 1 of the present embodiment,
wherein the values of the relations (1)~(9) are:

(T3/G3,)=11.45;
(G,/T3)=1.21;
(EFL/G5)=23.87;

(I3/G5)=4.06;
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(T2+73)=0.69 (mm);
[(T2+T3)/T3]=1.73;
(G1o+G3)=0.13 (mm);
(14/3)=3.21 (mm);

(BFL/EFLY=0.5;

wherein the distance from the object-side surface 111 of the
first lens element 110 to the image plane 160 is 3.063 (mm),
and the length of the optical imaging lens is shortened.

Please note that, in example embodiments, to clearly illus-
trate the structure of each lens element, only the part where
light passes, is shown. For example, taking the first lens
element 110 as an example, FIG. 1 illustrates the object-side
surface 111 and the image-side surface 112. However, when
implementing each lens element 110, 120, 130, 140 of the
present embodiment, a fixing part for positioning the lens
elements inside the optical imaging lens may be formed
selectively. Based on the first lens element 110, please refer to
FIG. 3, which illustrates the first lens element 110 further
comprising a fixing part. Here the fixing part is not limited to
a protruding part 113 for mounting the first lens element 110
in the optical imaging lens, and ideally, light will not pass
through the protruding part 113.

The aspherical surfaces, including the convex surface 111
and the convex surface 112 of the first lens element 110, the
concave surfaces 121, 122 ofthe second lens element 120, the
concave surface 131 and the convex surface 132 of the third
lens element 130, and the object-side surface 141 and the
image-side surface 142 of the fourth lens element 140 are all
defined by the following aspherical formula:

y2 [ yz] - )
Z¥)=— /|1+, 1 -(1+K)= |+ > ayxY¥Y”
-0 |3

i=

wherein:

R represents the radius of the surface of the lens element;

Z represents the depth of the aspherical surface (the per-
pendicular distance between the point of the aspherical sur-
face ata distance Y from the optical axis and the tangent plane
of the vertex on the optical axis of the aspherical surface);

Y represents the perpendicular distance between the point
of the aspherical surface and the optical axis;

K represents a conic constant;

a,, represents a aspherical coefficient of 2i” level;

and the values of each aspherical parameter are represented
in FIG. 4.

As illustrated in FIG. 5, the optical imaging lens of present
example embodiments show great optical characteristics in
the longitudinal spherical aberration (a), astigmatism aberra-
tion in the sagittal direction (b), astigmatism aberration in the
tangential direction (c) and distortion aberration (d). There-
fore, according to above illustration, the optical imaging lens
of' example embodiments indeed achieve great optical perfor-
mance and the length ofthe optical imaging lens is effectively
shortened.

Reference is now made to FIGS. 6-9. FIG. 6 illustrates an
example cross-sectional view of an optical imaging lens hav-
ing four lens elements of the optical imaging lens according to
a second example embodiment. FIG. 7 shows an example
table of optical data of each lens element of the optical imag-
ing lens according to the second example embodiment. FIG.
8 shows an example table of aspherical data of the optical
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imaging lens according to the second example embodiment.
FIG. 9 shows example charts of longitudinal spherical aber-
ration and other kinds of optical aberrations of the optical
imaging lens according to an example embodiment.

As shown in FIG. 6, the optical imaging lens 2 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 200, a first lens
element 210, a second lens element 220, a third lens element
230 and a fourth lens element 240. The aperture stop 200,
positioned in front of the first lens element 210, and together
with the first lens element 210 having positive refracting
power could effectively shorten the length of the optical
imaging lens 2. Both of'a filtering unit 250 and an image plane
260 of an image sensor are positioned at the image side A2 of
the optical imaging lens 2. Each of the first, second, third,
fourth lens elements 210, 220, 230, 240 and the filtering unit
250 has an object-side surface 211/221/231/241/251 facing
toward the object side A1 and an image-side surface 212/222/
232/242/252 facing toward the image side A2. In an example
embodiment, the filtering unit 250 is an IR cut filter posi-
tioned between the fourth lens element 240 and the image
plane 260. The filtering unit 250 filters light with specific
wavelength from the light passing optical imaging lens 2. For
example, IR light is filtered, and this will prohibit the IR light
which is not visible by human eyes from producing an image
on image plane 260.

Similarly, in the present embodiment, air gaps exist
between the lens elements 210, 220, 230, 240, the filtering
unit 250 and the image plane 260 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,,,.

One difference between the second embodiments and the
first embodiments is that the central thickness of lens T3 of
the third lens element 230, the air gap G, between the third
lens element 230 and the fourth lens element 240 and the sum
ofall air gaps G, from the first lens element 210 to the fourth
lens element 240 are different. Please refer to FIG. 7 for the
optical characteristics of each lens elements in the optical
imaging lens 2 ofthe present embodiment, wherein the values
of the relations (1)~(9) are:

(T3/G3,)=7.01;
(G,/T3)=1.26;
(EFL/G)=23.80;
(T3/G15)=3.84;
(T2+73)=0.73 (mm);
[(T2+T3)/T3]=1.77;
(G12+G34)=0.17 (mm);
(14/3)=3.23 (mm);

(BFL/EFLY=0.51;

wherein the distance from the object-side surface 211 of the
firstlens element 210 to the image side of the image plane 260
is 3.266 (mm) and the length of the optical imaging lens 2 is
shortened.

Example embodiments of the lens elements of the optical
imaging lens 2 may comprise the following example embodi-
ments:

The first lens element 210 may have positive refracting
power, which may be constructed by plastic material. Both
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the object-side surface 211 and the image-side surface 212 are
convex surfaces. The convex surface 211 and convex surface
212 may both be aspherical surfaces defined by the aspherical
formula. Please refer to FIG. 8 for values of the aspherical
parameters.

The second lens element 220 may have negative refracting
power, which may be constructed by plastic material. Both
the object-side surface 221 and the image-side surface 222 are
concave surfaces. The concave surfaces 221, 222 may both be
aspherical surfaces defined by the aspherical formula. Please
refer to FIG. 8 for values of the aspherical parameters.

The third lens element 230 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 231 is a concave surface and the image-
side surface 232 is a convex surface. The concave surface 231
and the convex surface 232 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 8 for
values of the aspherical parameters.

The fourth lens element 240 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 241 is a convex surface. The image-side
surface 242 has a concave portion 2421 in the vicinity of the
optical axis and a convex portion 2422 in the vicinity of a
periphery of the fourth lens element 240. The convex surface
241 and the image-side surface 242 may both be aspherical
surfaces defined by the aspherical formula. Please refer to
FIG. 8 for values of the aspherical parameters.

As shown in FIG. 9, the optical imaging lens 2 of the
present embodiment shows great optical characteristics in
longitudinal spherical aberration (a), astigmatism in the sag-
ittal direction (b), astigmatism in the tangential direction (c)
and distortion aberration (d). Therefore, according to the
above illustration, the optical imaging lens of the present
embodiment indeed shows great optical performance and the
length of the optical imaging lens is effectively shortened.

Reference is now made to FIGS. 10-13. FIG. 10 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a third example embodiment. FIG. 11 depicts an
example table of optical data of each lens element of the
optical imaging lens according to the third example embodi-
ment. FIG. 12 depicts an example table of aspherical data of
the optical imaging lens according to the third example
embodiment. FIG. 13 shows example charts of longitudinal
spherical aberration and other kinds of optical aberrations of
the optical imaging lens according to the third example
embodiment.

As shown in FIG. 10, the optical imaging lens 3 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 300, a first lens
element 310, a second lens element 320, a third lens element
330 and a fourth lens element 340. Both of a filtering unit 350
and an image plane 360 of an image sensor may be positioned
at the image side A2 of the optical imaging lens 3. Each of the
first, second, third, fourth lens elements 310, 320, 330, 340
and the filtering unit 350 has an object-side surface 311/321/
331/341/351 facing toward the object side A1 and an image-
side surface 312/322/332/342/352 facing toward the image
side A2. The aperture stop 300, positioned in front of the first
lens element 310, and together with the first lens element 310
having positive refracting power could effectively shorten the
length of the optical imaging lens 3. Here an example
embodiment of the filtering unit 350 is an IR cut filter posi-
tioned between the fourth lens element 340 and the image
plane 360. The filtering unit 350 filters light with specific
wavelength from the light passing optical imaging lens. For
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example, the IR light is filtered, and this will prohibit the IR
light which is not visible by human eyes from producing an
image on image plane 360.

Similarly, in the present embodiment, air gaps exist
between the lens elements 310, 320, 330, 340, the filtering
unit 350 and the image plane 360 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,

One difference between the third embodiment and the first
embodiment is that the central thickness of lens T3 of the third
lens element 330, the air gap G, between the third lens
element 330 and the fourth lens element 340 and the sum of
all air gaps G, from the first lens element 310 to the fourth
lens element 340 are different. Please refer to FIG. 11 for the
optical characteristics of each lens elements in the optical
imaging lens 3 ofthe present embodiment, wherein the values
of the relations (1)~(9) are:

(T3/G3,)=4.90;
(G/T3)=1.46;
(EFL/G5)=18.69;
(T3/G15)=2.88;
(T2+73)=0.73 (mm);
[(T2+T3)/T3]=1.91;
(G12+G34)=0.21 (mm);
(14/3)=3.21 (mm);

(BFL/EFL)=0.48;

wherein the distance from the object-side surface 311 of the
firstlens element 310 to the image side of the image plane 360
is 3.158 (mm), and the length of the optical imaging lens 3 is
shortened.

Example embodiments of the lens elements 3 of the optical
imaging lens may comprise the following example embodi-
ments:

The first lens element 310 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 311 and the image-side surface 312 are
convex surfaces. The convex surfaces 311, 312 may both be
aspherical surfaces defined by the aspherical formula. Please
refer to FIG. 12 for values of the aspherical parameters.

The second lens element 320 may have negative refracting
power, which may be constructed by plastic material. Both
the object-side surface 321 and the image-side surface 322 are
concave surfaces. The concave surfaces 321, 322 may both be
aspherical surfaces defined by the aspherical formula. Please
refer to FIG. 12 for values of the aspherical parameters.

The third lens element 330 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 331 is a concave surface and the image-
side surface 332 is a convex surface. The concave surface 331
and convex surface 332 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 12 for
values of the aspherical parameters.

The fourth lens element 340 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 341 comprises a convex portion 3411 in
the vicinity of the optical axis and a concave portion 3412 in
the vicinity of the periphery of the fourth lens element 340.
The image-side surface 342 has a concave portion 3421 in the
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vicinity of the optical axis and a convex portion 3422 in the
vicinity of a periphery of the fourth lens element 340. The
object-side surface 341 and the image-side surface 342 may
both be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 12 for values of the aspherical param-
eters.

As illustrated in FIG. 13, it is clear that the optical imaging
lens of the present embodiment may achieve great optical
characteristics in longitudinal spherical aberration (a), astig-
matism in the sagittal direction (b), astigmatism in the tan-
gential direction (c¢) and distortion aberration (d). Therefore,
according to above illustration, the optical imaging lens of the
present embodiment indeed achieves great optical perfor-
mance, and the length of the optical imaging lens is effec-
tively shortened.

Reference is now made to FIGS. 14-17. FIG. 14 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a fourth example embodiment. FIG. 15 shows an
example table of optical data of each lens element of the
optical imaging lens according to the fourth example embodi-
ment. FIG. 16 shows an example table of aspherical data of
the optical imaging lens according to the fourth example
embodiment. FIG. 17 shows example charts of longitudinal
spherical aberration and other kinds of optical aberrations of
the optical imaging lens according to the fourth example
embodiment.

As shown in FIG. 14, the optical imaging lens of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 400, a first lens
element 410, a second lens element 420, a third lens element
430 and a fourth lens element 440. Both of a filtering unit 450
and an image plane 460 of an image sensor may be positioned
at the image side A2 of the optical imaging lens 4. Each of the
first, second, third, fourth lens elements 410, 420, 430, 440
and the filtering unit 450 has an object-side surface 411/421/
431/441/451 facing toward the object side A1 and an image-
side surface 412/422/432/442/452 facing toward the image
side A2. The aperture stop 400, positioned in front of the first
lens element 410, and together with the first lens element 410
having positive refracting power could effectively shorten the
length of the optical imaging lens 4. Here an example
embodiment of filtering unit 450 is an IR cut filter, which may
be positioned between the fourth lens element 440 and the
image plane 460. The filtering unit 450 filters light with
specific wavelength from the light passing optical imaging
lens 4. For example, IR light may be filtered, and this will
prohibit the IR light which is not visible by human eyes from
producing an image on image plane 460.

Similarly, in the present embodiment, air gaps exist
between the lens elements 410, 420, 430, 440, the filtering
unit 450 and the image plane 460 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,,,.

One difference between the fourth embodiment and the
first embodiment is that the central thickness of lens T3 of the
third lens element 430, the air gap G, between the third lens
element 430 and the fourth lens element 440 and the sum of
all air gaps G, from the first lens element 410 to the fourth
lens element 440 are different. Please refer to FIG. 15 for the
optical characteristics of each lens elements in the optical
imaging lens 4 of the present embodiment, wherein the values
of' the relations (1)~(9) are:

(T3/G3,)=14.23;

(Go/T3)=1.02;
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(EFL/G5)=20.87;
(T3/G15)=3.58;
(T2+73)=0.83 (mm);
[(T2+T3)/T3]=1.87;
(G12+G3)=0.15 (mm);
(14/3)=3.15 (mm);

(BFL/EFL)=0.5;

wherein the distance from the object-side surface 411 of the
first lens element 410 to the image plane 460 is 3.258 (mm),
and the length of the optical imaging lens 4 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 4 may comprise the following example embodi-
ments:

The first lens element 410 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 411 and the image-side surface 412 are
convex surfaces. The convex surfaces 411, 412 may both be
aspherical surfaces defined by the aspherical formula. Please
refer to FIG. 16 for values of the aspherical parameters.

The second lens element 420 may have negative refracting
power, which may be constructed by plastic material. Both
the object-side surface 421 and the image-side surface 422 are
concave surfaces. The concave surfaces 421, 422 may both be
aspherical surfaces defined by the aspherical formula. Please
refer to FIG. 16 for values of the aspherical parameters.

The third lens element 430 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 431 is a concave surface and the image-
side surface 432 is a convex surface. The concave surface 431
and the convex surface 432 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 16 for
values of the aspherical parameters.

The fourth lens element 440 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 441 comprises a convex portion 4411 in
the vicinity of the optical axis and a concave portion 4412 in
the vicinity of the periphery of the fourth lens element 440.
The image-side surface 442 has a concave portion 4421 in the
vicinity of the optical axis and a convex portion 4422 in the
vicinity of a periphery of the fourth lens element 440. The
object-side surface 441 and the image-side surface 442 may
both be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 16 for values of the aspherical param-
eters.

As illustrated in FIG. 17, it is clear that the optical imaging
lens of the present embodiment may achieve great optical
characteristics in longitudinal spherical aberration (a), astig-
matism in the sagittal direction (b), astigmatism in the tan-
gential direction (c¢) and distortion aberration (d). Therefore,
according to above illustration, the optical imaging lens of the
present embodiment indeed achieves great optical perfor-
mance, and the length of the optical imaging lens is effec-
tively shortened.

Reference is now made to FIGS. 18-21. FIG. 18 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a fifth embodiment. FIG. 19 shows an example table of
optical data of each lens element of the optical imaging lens
according to the fifth example embodiment. FIG. 20 shows an
example table of aspherical data of the optical imaging lens
according to the fifth example embodiment. FIG. 21 shows
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example charts of longitudinal spherical aberration and other
kinds of optical aberrations of the optical imaging lens
according to the fitth example embodiment.

As shown in FIG. 18, the optical imaging lens 5 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 500, a first lens
element 510, a second lens element 520, a third lens element
530 and a fourth lens element 540. Both of a filtering unit 550
and an image plane 560 of an image sensor may be positioned
at the image side A2 of the optical imaging lens 5. Each of the
first, second, third, fourth lens elements 510, 520, 530, 540
and the filtering unit 550 has an object-side surface 511/521/
531/541/551 facing toward the object side A1 and an image-
side surface 512/522/532/542/552 facing toward the image
side A2. The aperture stop 500, positioned in front of the first
lens element 510, and together with the first lens element 510
having positive refracting power could effectively shorten the
length of the optical imaging lens 5. Here an example
embodiment of filtering unit 550 is an IR cut filter, which may
be positioned between the fourth lens element 540 and the
image plane 560. The filtering unit 550 filters light with
specific wavelength from the light passing optical imaging
lens. For example, IR light may be filtered, and this will
prohibit the IR light which is not visible by human eyes from
producing an image on image plane 560.

Similarly, in the present embodiment, air gaps exist
between the lens elements 510, 520, 530, 540, the filtering
unit 550 and the image plane 560 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,,,.

One difference between the fifth embodiments and the first
embodiments is that the central thickness of lens T3 of the
third lens element 530, the air gap G, between the third lens
element 530 and the fourth lens element 540 and the sum of
all air gaps G, from the first lens element 510 to the fourth
lens element 540 are different. Please refer to FIG. 19 for the
optical characteristics of each lens elements in the optical
imaging lens 5 of the present embodiment, wherein the values
of' the relations (1)~(9) are:

(T3/G,)=4.86;
(Go/T3)=1.03;
(EFL/G ,)=24.00;
(T3/G,)=4.73;
(T2+T3)=0.76 (mm);
[(T2+T3)/T3]=1.66;
(G15+G1,)=0.19 (mm);
(A14/3)=3.12 (mm);

(BFL/EFL)=0.51;

wherein the distance from the object-side surface 511 of the
first lens element 510 to the image plane 560 is 3.081 (mm),
and the length of the optical imaging lens 5 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 5 may comprise the following example embodi-
ments:

The first lens element 510 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 511 and the image-side surface 512 are
convex surfaces. The convex surfaces 511, 512 may both be
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aspherical surfaces defined by the aspherical formula. Please
refer to FIG. 20 for values of the aspherical parameters.

The second lens element 520 may have negative refracting
power, which may be constructed by plastic material. Both
the object-side surface 521 and an image-side surface 522 are
concave surfaces. The concave surfaces 521, 522 may both be
aspherical surfaces defined by the aspherical formula. Please
refer to FIG. 20 for values of the aspherical parameters.

The third lens element 530 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 531 is a concave surface and the image-
side surface 532 is a convex surface. The concave surface 531
and convex surface 532 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 20 for
values of the aspherical parameters.

The fourth lens element 540 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 541 comprises a convex portion 5411 in
the vicinity of the optical axis and a concave portion 5412 in
the vicinity of the periphery of the fourth lens element 540.
The image-side surface 542 has a concave portion 5421 in the
vicinity of the optical axis and a convex portion 5422 in the
vicinity of a periphery of the fourth lens element 540. The
object-side surface 541 and surface 542 may both be aspheri-
cal surfaces defined by the aspherical formula. Please refer to
FIG. 20 for values of the aspherical parameters.

As illustrated in FIG. 21, it is clear that the optical imaging
lens of the present embodiment may show great optical char-
acteristics in longitudinal spherical aberration (a), astigma-
tism in the sagittal direction (b), astigmatism in the tangential
direction (c) or distortion aberration (d). Therefore, according
to above illustration, the optical imaging lens of the present
embodiment indeed achieves great optical performance, and
the length of the optical imaging lens is effectively shortened.

Reference is now made to FIGS. 22-25. FIG. 22 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a sixth example embodiment. FIG. 23 shows an
example table of optical data of each lens element of the
optical imaging lens according to the sixth example embodi-
ment. FIG. 24 shows an example table of aspherical data of
the optical imaging lens according to the sixth example
embodiment. FIG. 25 shows example charts of longitudinal
spherical aberration and other kinds of optical aberrations of
the optical imaging lens according to the sixth example
embodiment.

As shown in FIG. 22, the optical imaging lens 6 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 600, a first lens
element 610, a second lens element 620, a third lens element
630 and a fourth lens element 640. Both of a filtering unit 650
and an image plane 660 of an image sensor may be positioned
at the image side A2 of the optical imaging lens 6. Each of the
first, second, third, fourth lens elements 610, 620, 630, 640
and the filtering unit 650 has an object-side surface 611/621/
631/641/651 facing toward the object side A1 and an image-
side surface 612/622/632/642/652 facing toward the image
side A2. The aperture stop 600, positioned in front of the first
lens element 610, and together with the first lens element 610
having positive refracting power could effectively shorten the
length of the optical imaging lens 6. Here an example
embodiment of filtering unit 650 may be an IR cut filter,
which may be positioned between the fourth lens element 640
and the image plane 660. The filtering unit 650 filters light
with specific wavelength from the light passing optical imag-
ing lens 6. For example, IR light may be filtered, and this may
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prohibit the IR light which is not visible by human eyes from
producing an image on image plane 660.

Similarly, in the present embodiment, air gaps exist
between the lens elements 610, 620, 630, 640, the filtering
unit 650 and the image plane 660 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,,,.

One difference between the sixth embodiments and the
first embodiments is that the central thickness of lens T3 of
the third lens element 630, the air gap G, between the third
lens element 630 and the fourth lens element 640 and the sum
ofall air gaps G, from the first lens element 610 to the fourth
lens element 640 are different. Please refer to FIG. 23 for the
optical characteristics of each lens elements in the optical
imaging lens 6 of the present embodiment, wherein the values
of' the relations (1)~(9) are:

(T3/G34)=4.07;

(G T3)=1.39;
(EFL/G,)=23.91;
(T3/G5)=3.59;
(T2+T3)=0.81 (mm);
[(T2+T3)/T3]=1.91;
(G1+G3,)=0.22 (mm);
(14/3)=3.97 (mm);

(BFL/EFL)=0.36;

wherein the distance from the object-side surface 611 of the
first lens element 610 to the image plane 660 is 3.24 (mm),
and the length of the optical imaging lens 6 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 6 may comprise the following example embodi-
ments:

The first lens element 610 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 611 and the image-side surface 612 are
convex surfaces. The convex surfaces 611 and 612 may both
be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 24 for values of the aspherical param-
eters.

The second lens element 620 may have negative refracting
power, which may be constructed by plastic material. Both
the object-side surface 621 and the image-side surface 622 are
concave surfaces. The concave surfaces 621, 622 may both be
aspherical surfaces defined by the aspherical formula. Please
refer to FI1G. 24 for values of the aspherical parameters.

The third lens element 630 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 631 is a concave surface and the image-
side surface 632 is a convex surface. The concave surface 631
and convex surface 632 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 24 for
values of the aspherical parameters.

The fourth lens element 640 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 641 comprises a convex portion 6411 in
the vicinity of the optical axis and a concave portion 6412 in
the vicinity of the periphery of the fourth lens element 640.
The image-side surface 642 has a concave portion 6421 in the
vicinity of the optical axis and a convex portion 6422 in the
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vicinity of a periphery of the fourth lens element 640. The
object-side surface 641 and the image-side surface 642 may
both be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 24 for values of the aspherical param-
eters.

As illustrated in FIG. 25, it is clear that the optical imaging
lens of the present embodiment may show great optical char-
acteristics in longitudinal spherical aberration (a), astigma-
tism in the sagittal direction (b), astigmatism in the tangential
direction (c) or distortion aberration (d). Therefore, according
to above illustration, the optical imaging lens of the present
embodiment indeed achieves great optical performance, and
the length of the optical imaging lens is effectively shortened.

Reference is now made to FIGS. 26-29. FIG. 26 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a seventh example embodiment. FIG. 27 shows an
example table of optical data of each lens element of the
optical imaging lens according to the seventh example
embodiment. FIG. 28 shows an example table of aspherical
data of the optical imaging lens according to the seventh
example embodiment. FIG. 29 shows example charts of lon-
gitudinal spherical aberration and other kinds of optical aber-
rations of the optical imaging lens according to the seventh
example embodiment.

As shown in FIG. 26, the optical imaging lens 7 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 700, a first lens
element 710, a second lens element 720, a third lens element
730 and a fourth lens element 740. Both of a filtering unit 750
and an image plane 760 of an image sensor may be positioned
at the image side A2 of the optical imaging lens 7. Each of the
first, second, third, fourth lens elements 710, 720, 730, 740
and the filtering unit 750 has an object-side surface 711/721/
731/741/751 facing toward the object side A1 and an image-
side surface 712/722/732/742/752 facing toward the image
side A2. The aperture stop 700, positioned in front of the first
lens element 710, and together with the first lens element 710
having positive refracting power could effectively shorten the
length of the optical imaging lens 7. Here an example
embodiment of filtering unit 750 may comprise an IR cut
filter, which is positioned between the fourth lens element 740
and the image plane 760. The filtering unit 750 filters light
with specific wavelength from the light passing optical imag-
ing lens 7. For example, IR light is filtered, and this may
prohibit the IR light which is not seen by human eyes from
producing an image on image plane 760.

Similarly, in the present embodiment, air gaps exist
between the lens elements 710, 720, 730, 740, the filtering
unit 750 and the image plane 760 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,,,.

One difference between the seventh embodiments and the
first embodiments is that the central thickness of lens T3 of
the third lens element 730, the air gap G, between the third
lens element 730 and the fourth lens element 740 and the sum
ofall air gaps G, from the first lens element 710 to the fourth
lens element 740 are different. Please refer to FIG. 27 for the
optical characteristics of each lens elements in the optical
imaging lens 7 ofthe present embodiment, wherein the values
of the relations (1)~(9) are:

(I3/G,)=4.15;
(G, T3)=2.07;

(EFL/G5)=23.90;
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(T3/G2)=2.72;
(T2+T3)=0.54 (mm);
[(T2+T3)/T3]=1.93;
(G12+G3y)=0.17 (mm);
(14/3)=3.34 (mm);

(BFL/EFL)=0.51;

wherein the distance from the object-side surface 711 of the
first lens element 710 to the image plane 760 is 3.064 (mm),
and the length of the optical imaging lens 7 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 7 may comprise the following example embodi-
ments:

The first lens element 710 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 711 and the image-side surface 712 are
convex surfaces. The convex surfaces 711 and 712 may both
be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 28 for values of the aspherical param-
eters.

The second lens element 720 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 721 is a convex surface. The image-side
surface 722 has a concave portion 7221 in the vicinity of the
optical axis and a convex portion 7222 in the vicinity of a
periphery of the second lens element 720. The convex surface
721 and the image-side surface 722 may both be aspherical
surfaces defined by the aspherical formula. Please refer to
FIG. 28 for values of the aspherical parameters.

The third lens element 730 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 731 is a concave surface and the image-
side surface 732 is a convex surface. The concave surface 731
and convex surface 732 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 28 for
values of the aspherical parameters.

The fourth lens element 740 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 741 is a convex surface. The image-side
surface 742 has a concave portion 7421 in the vicinity of the
optical axis and a convex portion 7422 in the vicinity of a
periphery of the fourth lens element 740. The convex surface
741 and the image-side surface 742 may both be aspherical
surfaces defined by the aspherical formula. Please refer to
FIG. 28 for values of the aspherical parameters.

As illustrated in FIG. 29, it is clear that the optical imaging
lens of the present embodiment may show great optical char-
acteristics in longitudinal spherical aberration (a), astigma-
tism in the sagittal direction (b), astigmatism in the tangential
direction (c) or distortion aberration (d). Therefore, according
to above illustration, the optical imaging lens of the present
embodiment indeed achieves great optical performance, and
the length of the optical imaging lens is effectively shortened.

Reference is now made to FIGS. 30-33. FIG. 30 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to an eighth example embodiment. FIG. 31 shows an
example table of optical data of each lens element of the
optical imaging lens according to the eighth example embodi-
ment. FIG. 32 shows an example table of aspherical data of
the optical imaging lens according to the eighth example
embodiment. FIG. 33 shows example charts of longitudinal
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spherical aberration and other kinds of optical aberrations of
the optical imaging lens according to the eighth example
embodiment.

As shown in FIG. 30, the optical imaging lens 8 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 800, a first lens
element 810, a second lens element 820, a third lens element
830 and a fourth lens element 840. Both of a filtering unit 850
and an image plane 860 of an image sensor may be positioned
at the image side A2 of the optical imaging lens 8. Each of the
first, second, third, fourth lens elements 810, 820, 830, 840
and the filtering unit 850 has an object-side surface 811/821/
831/841/851 facing toward the object side A1 and an image-
side surface 812/822/832/842/852 facing toward the image
side A2. The aperture stop 800, positioned in front of the first
lens element 810, and together with the first lens element 810
having positive refracting power could effectively shorten the
length of the optical imaging lens 8. Here an example
embodiment of filtering unit 850 may comprise an IR cut
filter, which is positioned between the fourth lens element 840
and the image plane 860. The filtering unit 850 filters light
with specific wavelength from the light passing optical imag-
ing lens 8. For example, IR light is filtered, and this may
prohibit the IR light which is not seen by human eyes from
producing an image on image plane 860.

Similarly, in the present embodiment, air gaps exist
between the lens elements 810, 820, 830, 840, the filtering
unit 850 and the image plane 860 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,,,.

One difference between the eighth embodiments and the
first embodiments is that the central thickness of lens T3 of
the third lens element 830, the air gap G, between the third
lens element 830 and the fourth lens element 840 and the sum
ofall air gaps G, from the first lens element 810 to the fourth
lens element 840 are different. The object-side surface 841 of
the fourth lens element 840 facing toward the object side Al
further comprises a convex portion 8412 in the vicinity of a
periphery of the fourth lens element 840. Please refer to FIG.
31 for the optical characteristics of each lens elements in the
optical imaging lens 8 of the present embodiment, wherein
the values of the relations (1)~(9) are:

(T3/G,)=11.72;
(G,/T3)=1.01;
(EFL/G ,)=20.38;
(T3/G)=4.11;
(T2+T3)=0.81 (mm);
[(T2+T3)/T3]=1.51;
(G1,+G,)=0.18 (mm);
(A14/3)=2.50 (mm);

(BFL/EFLY=0.51;

wherein the distance from the object-side surface 811 of the
first lens element 810 to the image plane 860 is 3.408 (mm),
and the length of the optical imaging lens 8 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 8 may comprise the following example embodi-
ments:
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The first lens element 810 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 811 and the image-side surface 812 are
convex surfaces. The convex surfaces 811 and 812 may both
be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 32 for values of the aspherical param-
eters.

The second lens element 820 may have negative refracting
power, which may be constructed by plastic material. Both
the object-side surface 821 and the image-side surface 822 are
concave surfaces. The concave surfaces 821 and 822 may
both be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 32 for values of the aspherical param-
eters.

The third lens element 830 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 831 is a concave surface and the image-
side surface 832 is a convex surface. The concave surface 831
and convex surface 832 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 32 for
values of the aspherical parameters.

The fourth lens element 840 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 841 has a convex portion 8411 in the
vicinity of the optical axis and a convex portion 8412 in the
vicinity of a periphery of the fourth lens element 840 and the
image-side surface 842 has a concave portion 8421 in the
vicinity of the optical axis and a convex portion 8422 in the
vicinity of a periphery of the fourth lens element 840. The
object-side surface 841 and the image-side surface 842 may
both be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 32 for values of the aspherical param-
eters.

As illustrated in FIG. 33, it is clear that the optical imaging
lens of the present embodiment may show great optical char-
acteristics in longitudinal spherical aberration (a), astigma-
tism in the sagittal direction (b), astigmatism in the tangential
direction (c) or distortion aberration (d). Therefore, according
to above illustration, the optical imaging lens of the present
embodiment indeed achieves great optical performance, and
the length of the optical imaging lens is effectively shortened.

Reference is now made to FIGS. 34-37. FIG. 34 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a ninth example embodiment. FIG. 35 shows an
example table of optical data of each lens element of the
optical imaging lens according to the ninth example embodi-
ment. FIG. 36 shows an example table of aspherical data of
the optical imaging lens according to the ninth example
embodiment. FIG. 37 shows example charts of longitudinal
spherical aberration and other kinds of optical aberrations of
the optical imaging lens according to the ninth example
embodiment.

As shown in FIG. 34, the optical imaging lens 9 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 900, a first lens
element 910, a second lens element 920, a third lens element
930 and a fourth lens element 940. Both of a filtering unit 950
and an image plane 960 of an image sensor may be positioned
at the image side A2 of the optical imaging lens 9. Each of the
first, second, third, fourth lens elements 910, 920, 930, 940
and the filtering unit 950 has an object-side surface 911/921/
931/941/951 facing toward the object side A1 and an image-
side surface 912/922/932/942/952 facing toward the image
side A2. The aperture stop 900, positioned in front of the first
lens element 910, and together with the first lens element 910
having positive refracting power could effectively shorten the
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length of the optical imaging lens 9. Here an example
embodiment of filtering unit 950 may comprise an IR cut
filter, which is positioned between the fourth lens element 940
and the image plane 960. The filtering unit 950 filters light
with specific wavelength from the light passing optical imag-
ing lens 9. For example, IR light is filtered, and this may
prohibit the IR light which is not seen by human eyes from
producing an image on image plane 960.

Similarly, in the present embodiment, air gaps exist
between the lens elements 910, 920, 930, 940, the filtering
unit 950 and the image plane 960 of the image sensor. Please
refer to FIG. 1 for the positions of the air gaps. The sum of all
air gaps dl, d2, d3 between the first and fourth lens elements
is denoted by G,

One difference between the ninth embodiment and the first
embodiment is that the central thickness of lens T3 of the third
lens element 930, the air gap G, between the third lens
element 930 and the fourth lens element 940 and the sum of
all air gaps G, from the first lens element 910 to the fourth
lens element 940 are different. The object-side surface 921 of
the second lens element 920 further comprises a convex por-
tion 9212 in the vicinity of a periphery of the second lens
element 920. Please refer to FIG. 35 for the optical charac-
teristics of each lens elements in the optical imaging lens 9 of
the present embodiment, wherein the values of the relations
(H)~(9) are:

(T3/G4,)=9.09;
(G,/T3)=1.02;
(EFL/G,5)=23.90;
(T3/G,)=4.98;
(T2+T3)=0.59 (mm);
[(T2+T3)/T3]=1.79;
(G15+G34)=0.10 (mm);
(14/3)=2.98 (mm);

(BFL/EFLY=0.51;

wherein the distance from the object-side surface 911 of the
first lens element 910 to the image plane 960 is 2.415 (mm),
and the length of the optical imaging lens 9 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 9 may comprise the following example embodi-
ments:

The first lens element 910 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 911 and the image-side surface 912 are
convex surfaces. The convex surfaces 911 and 912 may both
be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 36 for values of the aspherical param-
eters.

The second lens element 920 may have negative refracting
power, which may be constructed by plastic material. The
image-side surface 922 is a concave surface. The object-side
surface 921 has a concave portion 9211 in the vicinity of the
optical axis and a convex portion 9212 in the vicinity of a
periphery of the second lens element 920. The object-side
surface 921 and image-side surface 922 may both be aspheri-
cal surfaces defined by the aspherical formula. Please refer to
FIG. 36 for values of the aspherical parameters.

The third lens element 930 may have positive refracting
power, which may be constructed by plastic material. The
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object-side surface 931 is a concave surface and the image-
side surface 932 is a convex surface. The concave surface 931
and convex surface 932 may both be aspherical surfaces
defined by the aspherical formula. Please refer to FIG. 36 for
values of the aspherical parameters.

The fourth lens element 940 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 941 is a convex surface. The image-side
surface 942 has a concave portion 9421 in the vicinity of the
optical axis and a convex portion 9422 in the vicinity of a
periphery of the fourth lens element 940. The convex surface
941 and image-side surface 942 may both be aspherical sur-
faces defined by the aspherical formula. Please refer to FIG.
36 for values of the aspherical parameters.

As illustrated in FIG. 37, it is clear that the optical imaging
lens of the present embodiment may show great optical char-
acteristics in longitudinal spherical aberration (a), astigma-
tism in the sagittal direction (b), astigmatism in the tangential
direction (c) or distortion aberration (d). Therefore, according
to above illustration, the optical imaging lens of the present
embodiment indeed achieves great optical performance, and
the length of the optical imaging lens is effectively shortened.

Reference is now made to FIGS. 38-41. FIG. 38 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a tenth example embodiment. FIG. 39 shows an
example table of optical data of each lens element of the
optical imaging lens according to the tenth example embodi-
ment. FIG. 40 shows an example table of aspherical data of
the optical imaging lens according to the tenth example
embodiment. FIG. 41 shows example charts of longitudinal
spherical aberration and other kinds of optical aberrations of
the optical imaging lens according to the tenth example
embodiment.

As shown in FIG. 38, the optical imaging lens 10 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises an aperture stop 1000, a first lens
element 1010, a second lens element 1020, a third lens ele-
ment 1030 and a fourth lens element 1040. Both of a filtering
unit 1050 and an image plane 1060 of an image sensor may be
positioned at the image side A2 ofthe optical imaging lens 10.
Each of the first, second, third, fourth lens elements 1010,
1020, 1030, 1040 and the filtering unit 1050 has an object-
side surface 1011/1021/1031/1041/1051 facing toward the
object side Al and an image-side surface 1012/1022/1032/
1042/1052 facing toward the image side A2. The aperture
stop 1000, positioned in front of the first lens element 1010,
and together with the first lens element 1010 having positive
refracting power could effectively shorten the length of the
optical imaging lens 10. Here an example embodiment of
filtering unit 1050 may comprise an IR cut filter, which is
positioned between the fourth lens element 1040 and the
image plane 1060. The filtering unit 1050 filters light with
specific wavelength from the light passing optical imaging
lens 10. For example, IR light is filtered, and this may prohibit
the IR light which is not visible by human eyes from produc-
ing an image on image plane 1060.

Similarly, in the present embodiment, air gaps exist
between the lens elements 1010, 1020, 1030, 1040, the filter-
ing unit 1050 and the image plane 1060 of the image sensor.
Please refer to F1G. 1 for the positions of the air gaps. The sum
of all air gaps d1, d2, d3 between the first and fourth lens
elements is denoted by G ..

One difference between the tenth embodiments and the
first embodiments is that the central thickness of lens T3 of
the third lens element 1030, the air gap G, between the third
lens element 1030 and the fourth lens element 1040 and the
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sum of all air gaps G, from the first lens element 1010 to the
fourth lens element 1040 are different. Please refer to FIG. 39
for the optical characteristics of each lens elements in the
optical imaging lens 10 of the present embodiment, wherein
the values of the relations (1)~(9) are:

(T3/G4,)=4.62;
(G,/T3)=1.36;
(EFL/G)=23.48;
(T3/G5)=3.42;
(T2+73)=0.93 (mm);
[(T2+T3)/T3]=2.31;
(G12+G34)=0.21 (mm);
(14/3)=3.06 (mm);

(BFL/EFL)=0.31;

wherein the distance from the object-side surface 1011 of the
first lens element 1010 to the image plane 1060 is 3.16 (mm),
and the length of the optical imaging lens 10 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 10 may comprise the following example
embodiments:

The first lens element 1010 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 1011 and the image-side surface 1012
are convex surfaces. The convex surfaces 1011 and 1012 may
both be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 40 for values of the aspherical param-
eters.

The second lens element 1020 may have negative refract-
ing power, which may be constructed by plastic material.
Both the object-side surface 1021 and the image-side surface
1022 are concave surfaces. The concave surfaces 1021, 1022
may both be aspherical surfaces defined by the aspherical
formula. Please refer to FIG. 40 for values of the aspherical
parameters.

The third lens element 1030 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 1031 is a concave surface and the image-
side surface 1032 is a convex surface. The concave surface
1031 and convex surface 1032 may both be aspherical sur-
faces defined by the aspherical formula. Please refer to FIG.
40 for values of the aspherical parameters.

The fourth lens element 1040 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 1041 comprises a concave portion 10411
in the vicinity of'the optical axis and a concave portion 10412
in the vicinity of the periphery of the fourth lens element
1040. The image-side surface 1042 has a concave portion
10421 in the vicinity of the optical axis and a convex portion
10422 in the vicinity of a periphery of the fourth lens element
1040. The object-side surface 1041 and the image-side sur-
face 1042 may both be aspherical surfaces defined by the
aspherical formula. Please refer to FIG. 40 for values of the
aspherical parameters.

As illustrated in FIG. 41, it is clear that the optical imaging
lens of the present embodiment may show great characteris-
tics in longitudinal spherical aberration (a), astigmatism in
the sagittal direction (b), astigmatism in the tangential direc-
tion (c) or distortion aberration (d). Therefore, according to
above illustration, the optical imaging lens of the present
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embodiment indeed achieves great optical performance, and
the length of the optical imaging lens is effectively shortened.

Reference is now made to FIGS. 42-45. FIG. 42 illustrates
an example cross-sectional view of an optical imaging lens
having four lens elements of the optical imaging lens accord-
ing to a eleventh example embodiment. FIG. 43 shows an
example table of optical data of each lens element of the
optical imaging lens according to the eleventh example
embodiment. FIG. 44 shows an example table of aspherical
data of the optical imaging lens according to the eleventh
example embodiment. FIG. 45 shows example charts of lon-
gitudinal spherical aberration and other kinds of optical aber-
rations of the optical imaging lens according to the eleventh
example embodiment.

As shown in FIG. 42, the optical imaging lens 11 of the
present embodiment, in an order from an object side Al to an
image side A2, comprises a first lens element 1110, an aper-
ture stop 1100, a second lens element 1120, a third lens
element 1130 and a fourth lens element 1140. Both of a
filtering unit 1150 and an image plane 1160 of an image
sensor may be positioned at the image side A2 of the optical
imaging lens 11. Each of the first, second, third, fourth lens
elements 1110, 1120, 1130, 1140 and the filtering unit 1150
has an object-side surface 1111/1121/1131/1141/1151 facing
toward the object side Al and an image-side surface 1112/
1122/1132/1142/1152 facing toward the image side A2. Here
an example embodiment of filtering unit 1150 may comprise
an IR cut filter, which is positioned between the fourth lens
element 1140 and the image plane 1160. The filtering unit
1150 filters light with specific wavelength from the light
passing optical imaging lens 11. For example, IR light is
filtered, and this may prohibit the IR light which is not visible
by human eyes from producing an image on image plane
1160.

Similarly, in the present embodiment, air gaps exist
between the lens elements 1110, 1120, 1130, 1140, the filter-
ing unit 1150 and the image plane 1160 of the image sensor.
Please refer to F1G. 1 for the positions of the air gaps. The sum
of all air gaps d1, d2, d3 between the first and fourth lens
elements is denoted by G ..

One difference between the eleventh embodiments and the
first embodiments is that the central thickness of lens T3 of
the third lens element 1130, the air gap G, between the third
lens element 1130 and the fourth lens element 1140 and the
sum of all air gaps G, from the first lens element 1110 to the
fourth lens element 1140 are different. The aperture stop is
positioned between the first lens element 1110 and the second
lens element 1120. Please refer to FIG. 43 for the optical
characteristics of each lens elements in the optical imaging
lens 11 of the present embodiment, wherein the values of the
relations (1)~(9) are:

(T3/G34)=4.29;

(G T3)=2.33;
(EFL/G,,)=23.85;
(T3/G5)=3.62;
(T2+T3)=0.75 (mm);
[(T2+T3)/T3]=1.55;
(G1+G3,)=0.25 (mm);
(A14/3)=3.76 (mm);

(BFL/EFL)=0.33;
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wherein the distance from the object-side surface 1111 of the
firstlens element 1110 to the image plane 116015 3.818 (mm),
and the length of the optical imaging lens 11 is shortened.

Example embodiments of the lens elements of the optical
imaging lens 11 may comprise the following example
embodiments:

The first lens element 1110 may have positive refracting
power, which may be constructed by plastic material. Both
the object-side surface 1111 and the image-side surface 1112
are convex surfaces. The convex surfaces 1111 and 1112 may
both be aspherical surfaces defined by the aspherical formula.
Please refer to FIG. 44 for values of the aspherical param-
eters.

The second lens element 1120 may have negative refract-
ing power, which may be constructed by plastic material. The
object-side surface 1121 comprises a concave portion 11211
in the vicinity of the optical axis and a convex portion 11212
in the vicinity of the periphery of the second lens element
1120. The image-side surface 1122 is a concave surface. The
object-side surface 1121 and the image-side surface 1122
may both be aspherical surfaces defined by the aspherical
formula. Please refer to FIG. 44 for values of the aspherical
parameters.

The third lens element 1130 may have positive refracting
power, which may be constructed by plastic material. The
object-side surface 1131 is a concave surface and the image-
side surface 1132 is a convex surface. The concave surface
1131 and convex surface 1132 may both be aspherical sur-
faces defined by the aspherical formula. Please refer to FIG.
44 for values of the aspherical parameters.

The fourth lens element 1140 may have negative refracting
power, which may be constructed by plastic material. The
object-side surface 1141 comprises a convex portion 11411 in
the vicinity of the optical axis and a concave portion 11412 in
the vicinity of the periphery of the fourth lens element 1140.
The image-side surface 1142 has a concave portion 11421 in
the vicinity of the optical axis and a convex portion 11422 in
the vicinity of a periphery of the fourth lens element 1140.
The object-side surface 1141 and the image-side surface 1142
may both be aspherical surfaces defined by the aspherical
formula. Please refer to FIG. 44 for values of the aspherical
parameters.

As illustrated in FIG. 45, it is clear that the optical imaging
lens of the present embodiment may show great optical char-
acteristics in longitudinal spherical aberration (a), astigma-
tism in the sagittal direction (b), astigmatism in the tangential
direction (c) or distortion aberration (d). Therefore, according
to above illustration, the optical imaging lens of the present
embodiment indeed achieves great optical performance, and
the length of the optical imaging lens is effectively shortened.

Please refer to FIG. 46, which shows the values of (T3/
G,y), (G,/T3), (EFL/G,,), (T3/Gy,), (T24T3), [(T2+T3)/
T3], (G,,+G;,), (f1+13), (BFL/EFL) and fno of all eleven
embodiments.

Reference is now made to FIG. 47, which illustrates an
example structural view of an example embodiment of
mobile device 20 applying an aforesaid optical imaging lens.
The mobile device 20 comprises a housing 210 and an optical
imaging lens assembly 220 positioned in the housing 210. An
example of the mobile device 20 may be, but is not limited to,
a mobile phone.

As shown in FIG. 47, the optical imaging lens assembly
220 may comprise an aforesaid optical imaging lens, for
example the optical imaging lens 1 of the first embodiment, a
lens barrel 230 for positioning the optical imaging lens 1, a
module housing unit 240 for positioning the lens barrel 230
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and an image sensor 161 which is positioned at an image side
of'the optical imaging lens 1. The image plane 160 is formed
on the image sensor 161.

In some other example embodiments, the structure of the
filtering unit 150 may be omitted. In some example embodi-
ments, the housing 210, the lens barrel 230, and/or the module
housing unit 240 may be integrated into a single component
or assembled by multiple components. In some example
embodiments, the image sensor 161 used in the present
embodiment is directly attached to the substrate 162 in the
form of a chip on board (COB) package, and such package is
different from traditional chip scale packages (CSP) since
COB package does not require a cover glass before the image
sensor 161 in the optical imaging lens 1.

Aforesaid exemplary embodiments are not limited to this
package type and could be selectively incorporated in other
described embodiments.

The module housing unit 240 comprises a lens backseat
2401 and an image sensor base 2402 positioned between the
lens backseat 2401 and the image sensor 161. The lens barrel
230 and the lens backseat 2401 are positioned along a same
axis, and the lens barrel 230 is positioned inside the lens
backseat 2401.

Because the length of the optical imaging lens 1 is merely
3.063 (mm), the size of the mobile device 20 may be quite
small. Therefore, the embodiments described herein meet the
market demand for smaller sized product designs.

Reference is now made to FIG. 48, which shows another
structural view of an example embodiment of mobile device
22 applying the aforesaid optical imaging lens 1. One differ-
ence between the mobile device 22 and the mobile device 20
may be the module housing unit 240 further comprising an
autofocus module 2403. The autofocus module 2403 may
comprise a lens seat 2404, a lens backseat 2401, a coil 2405
and a magnetic unit 2406. The lens seat 2404, which is close
to the outside of the lens barrel 230, and the lens barrel 230 are
positioned along an axis II', and the lens backseat 2401 is
positioned along with the axis II' and around the outside of the
lens seat 2404. The coil 2405 is positioned between the lens
seat 2404 and the inside of the lens backseat 2401. The mag-
netic unit 2406 is positioned between the outside of the coil
2405 and the inside of the lens backseat 2401.

The lens barrel 230 and the optical imaging lens 1 posi-
tioned therein are driven by the lens seat 2404 for moving
along the axis II'. The sensor backseat 2402 is close to the lens
backseat 2401. The filtering unit 150, for example IR cut, is
positioned on the sensor backseat 2402. The rest structure of
the mobile device 22 is similar to the mobile device 1.

Similarly, because the length of the optical imaging lens 1,
3.063 (mm), is shortened, the mobile device 22 may be
designed with a smaller size and meanwhile good optical
performance is still provided. Therefore, the present embodi-
ment meets the demand of small sized product design and the
request of the market.

According to above illustration, it is clear that the mobile
device and the optical imaging lens thereof in example
embodiments, through controlling ratio of at least one central
thickness of lens element to an air gap along the optical axis
between two lens elements and the ratio of a sum of all air
gaps along the optical axis between four lens elements to a
central thickness of lens in a predetermined range, and incor-
porated with detail structure and/or reflection power of the
lens elements, the length of the optical imaging lens is effec-
tively shortened and meanwhile good optical characters are
still provided.

While various embodiments in accordance with the dis-
closed principles have been described above, it should be
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understood that they have been presented by way of example
only, and are not limiting. Thus, the breadth and scope of
exemplary embodiment(s) should not be limited by any of the
above-described embodiments, but should be defined only in
accordance with the claims and their equivalents issuing from
this disclosure. Furthermore, the above advantages and fea-
tures are provided in described embodiments, but shall not
limit the application of such issued claims to processes and
structures accomplishing any or all of the above advantages.

Additionally, the section headings herein are provided for

consistency with the suggestions under 37 C.F.R. 1.77 or
otherwise to provide organizational cues. These headings
shall not limit or characterize the invention(s) set out in any
claims that may issue from this disclosure. Specifically, a
description of a technology in the “Background” is not to be
construed as an admission that technology is prior art to any
invention(s) in this disclosure. Furthermore, any reference in
this disclosure to “invention” in the singular should not be
used to argue that there is only a single point of novelty in this
disclosure. Multiple inventions may be set forth according to
the limitations of the multiple claims issuing from this dis-
closure, and such claims accordingly define the invention(s),
and their equivalents, that are protected thereby. In all
instances, the scope of such claims shall be considered on
their own merits in light of this disclosure, but should not be
constrained by the headings herein.

What is claimed is:

1. An optical imaging lens comprising, from an object side

to an image side, an aperture stop, a first lens element, a
second lens element, a third lens element, and a fourth lens
element, each of the first, second, third, and fourth lens ele-
ments having an object-side surface facing toward the object
side and an image-side surface facing toward the image side,
wherein:

the first lens element has a positive refracting power, and
the object-side surface of the first lens element has a
convex portion in a vicinity of an optical axis and a
convex portion near a circumference of the first lens
element;

the second lens element has a negative refracting power;

the third lens element has a positive refracting power, the
object-side surface of the third lens element has a con-
cave portion near a circumference of the third lens ele-
ment, and the image-side surface of the third lens ele-
ment has a convex portion in the vicinity of the optical
axis and a convex portion near a circumference of the
third lens element;

the object-side surface of the fourth lens element has a
convex portion in the vicinity of the optical axis, and the
fourth lens element has a negative refracting power, and
the image-side surface of the fourth lens element has a
concave portion in a vicinity of the optical axis and a
convex portion near the circumference of the fourth lens
element; and

the optical imaging lens has only four lens elements having
a refracting power;

a thickness of the second lens element along the optical
axis is defined as T2, an air gap between the second and
third lens elements along the optical axis is defined as
AG,;, and T2 and AG,; satisfy the relation:

0.63572/4G3; and
athickness of the fourth lens element along the optical axis
is T4, an air gap between the first and second lens ele-

ments along the optical axis is AG,, and T4 and AG,,
satisfy the relation:

1.86sT4/4G,,<4.79.
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2. The optical imaging lens of claim 1, wherein a thickness
of the first lens element along the optical axis is T1, a thick-
ness of the third lens element along the optical axis is T3, and
T1 and T3 satisfy the relation:

0.81<T1/T3=1.56.

3. The optical imaging lens of claim 1, wherein a thickness
of the third lens element along the optical axis is T3, a thick-
ness of the fourth lens element along the optical axis is T4,
and T3 and T4 satisfy the relation:

1.04=73/T4=2.16.

4. The optical imaging lens of claim 1, wherein an air gap
between the first and second lens elements along the optical
axis is AG,, an air gap between the third and fourth lens
elements along the optical axis is AG;,, and AG,, and AG;,
satisfy the relation:

1.0324G ,/4G,<3.97.

5. The optical imaging lens of claim 1, wherein an air gap
between the third and fourth lens elements along the optical
axis is AG;,, and AG;, satisfies the relation:

2.99<A4G,,/4G4,=9.94.

6. The optical imaging lens of claim 1, wherein an air gap
between the third and fourth lens elements along the optical
axis is AG;,, a sum of air gaps between the first to fourth lens
elements is AAG, and AG;, and AAG satisty the relation:

5.02544G/4G<14.55.

7. The optical imaging lens of claim 1, wherein an air gap
between the third and fourth lens elements along the optical
axis is AG;,, a sum of thicknesses of the first to fourth lens
elements is ALT, and AG,, and ALT satisfy the relation:

15.264LT/AG,,<49.35.

8. The optical imaging lens of claim 1, wherein a thickness
of'the first lens element along the optical axis is T1, an air gap
between the third and fourth lens elements along the optical
axis is AG;,, and T1 and AG,;,, satisfy the relation:

3.945T1/4Gy,<14.16.

9. The optical imaging lens of claim 1, wherein an air gap
between the third and fourth lens elements along the optical
axis is AG,,, and AG,, satisfies the relation:

3.22€T2/4G4,=12.35.

10. The optical imaging lens of claim 1, wherein a thick-
ness of the third lens element along the optical axis is T3, and
T3 satisfies the relation:

0.68<T3/4G,,=1.63.

11. The optical imaging lens of claim 1, wherein a thick-
ness of the third lens element along the optical axis is T3, an
air gap between the third and fourth lens elements along the
optical axis AG,,, and T3 and AG,, satisfy the relation:

4.08<T3/4Gy,<14.23.

12. The optical imaging lens of claim 1, wherein a thick-
ness of the fourth lens element along the optical axis is T4,
and T4 satisfies the relation:

0.62<THAG,,=1.35.

13. The optical imaging lens of claim 1, wherein a thick-
ness of the fourth lens element along the optical axis is T4, an
air gap between the third and fourth lens elements along the
optical axis is AG,,, and T4 and AG,, satisfy the relation:

2.655TA/AG4,<8.78.
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14. The optical imaging lens of claim 1, wherein the object-
side surface of the second lens element has a concave portion
in the vicinity of the optical axis, and the image-side surface
of the second lens element has a concave portion in the
vicinity of the optical axis. 5
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